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PREFACE. 


The  practical  convenience  afforded  by  combining  the  subjects 
of  the  Eye,  Ear,  Nose,  and  Throat  within  a  single  volume  needs 
no  demonstration.  It  rests  upon  obvious  reasons.  The  anatomical 
and  pathological  relations  of  these  organs  are  so  close  that  the 
specialist  in  one  subject  should  have  a  thorough  knowledge  of  the 
others;  their  affections  are  so  common  and  widespread  that  they 
form  a  large  share  of  general  practice,  and  their  bearings  upon  mter- 
nal  medicine  are  so  manifold  and  direct  that  no  physician  can  ignore 
their  influence  or  dispense  with  the  light  they  cast  upon  morbid 
states  elsewhere. 

The  present  volume  has  been  arranged  in  view  of  these  facts  and 
in  order  to  give  a  comprehensive,  authoritative,  and  practical  expo- 
sition of  these  cognate  departments.  The  contributors  are  men 
who  have  demonstrated  their  special  ability  in  connection  with  the 
subjects  assigned.  It  may  be  noted  that  the  matter  has  been 
distributed  so  that  each  author  has  been  enabled  to  treat  the 
subject  committed  to  him  in  its  entirety.  Repetition,  so  frequent 
a  fault  in  systems,  has  thus  been  avoided.  Separate  chapters 
on  anatomy  and  physiology  have  been  omitted,  as  such  general 
knowledge  is  presupposed;  but  enough  information  will  be  found 
in  connection  with  each  subject  to  explain  the  pathology  and 

symptomatology. 

The  authors  have  aimed  to  adapt  the  book  particularly  to  the 
needs  of  general  practitioners  and  students,  though  it  is  hoped 
that  even  specialists  may  find  the  latest  expositions  of  these  subjects 
by  their  colleagues  to  possess  much  of  interest  and  value. 

The  arrangement  of  the  Ophthalmological  Section  differs  consider- 
ably from  that  usually  employed;  it  has  been  adopted,  however,  for 
the  purpose  of  bringing  the  reader  into  immediate  clinical  relation- 
ship with  the  patient,  wthout  confusing  him  with  the  formulae  of 
optics  until  the  necessity  of  comprehending  them  arises  m  the  fur- 
ther unfolding  of  the  subject.   The  chapter  on  the  Eye  in  its  Relation 
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to  General  Diseases  is  very  comprehensive,  and  it  is  hoped  that  it 
will  prove  of  especial  value  to  the  general  practitioner  in  acquaint- 
ing him  with  the  ocular  lesions  of  every  general  and  local  affection 
exhibiting  such  manifestations. 

In  the  section  on  the  Throat,  Nose,  and  Ear,  the  general  chapters 
on  Pathology,  on  Instruments,  and  on  Routine  Operations  were 
introduced  to  secure  conciseness  without  curtailment  of  the  matter 
necessary  for  the  thorough  elucidation  of  the  subjects  dealt  with. 


LIST  OF  CONTRIBUTORS. 


ALDERTON,  HENRY  ARNOLD,  M.D., 

Chief  of  Aural  Clinic  and  Assistant  to  the  Chair  of  Otology  in  the  Long  Island 
Medical  CoUege;  Aural  Surgeon  to  the  Brooklyn  Eye  and  Ear  Hospital; 
Aural  Surgeon  to  the  Kings  County  Hospital  and  to  the  Bushwick  Hos- 
pital; Attending  Surgeon  to  the  Ear,  Nose,  and  Throat  Department  of 
the  Nassau  County  Hospital;  Member  of  the  American  Otological  Society; 
of  the  New  York  Otological  Society;  of  the  American  Laryngological, 
Rhinological,  and  Otological  Society;  of  the  Associated  Physicians  of  Long 
Island;  of  the  Medical  Society  of  Greater  New  York;  of  the  Kings  County 
Society  and  Association;  of  the  Long  Island  Medical  Society;  of  the 
Brooklyn  Medical  Society;  Chairman  of  the  Section  on  Laryngology, 
Rhinology,  and  Otologj',  Kings  County  Medical  Society;  Attending  Physi- 
cian for  Diseases  of  the  Ear,  Nose,  and  Throat  to  the  Home  for  Friendless 
Women  and  Children. 

BIRKETT,  H.  S.,  M.D., 

Professor  of  Rhinology  and  Laryngology  in  the  McGill  University,  Montreal; 
Rhinologist  and  Laryngologist  to  the  Royal  Victoria  Hospital,  Montreal; 
Fellow  of  the  American  Laryngological  Association. 

CASSELBERRY,  W.  E.,  M.D., 

Professor  of  Laryngology  and  Rhinology  in  the  Northwestern  University 
Medical  School;  Laryngologist  and  Rhinologist  to  the  St.  Luke's  and 
Wesley  Hospitals,  Chicago,  111. ;  FeUow  of  the  American  Laryngological 
Association,  etc. 

CHEATLE,  ARTHUR  H.,  F.R.C.S.  Eng., 

Assistant  Aural  Surgeon  to  the  King's  College  Hospital,  London;  Surgeon 
to  the  Royal  Ear  Hospital,  London. 

CLARK,  C.  F.,  M.D., 

Professor  of  Ophthalmology  and  Otology  in  the  Starling  Medical  College; 
Attending  Eye  and  Ear  Surgeon  to  the  St.  Francis  Hospital,  and  Con- 
sulting Surgeon  to  the  Children's  Hospital,  Columbus,  Ohio. 

COLLINS,  E.  TREACHER,  F.R.C.S.  Eng., 

Surgeon  to  the  Royal  London  Ophthalmic  Hospital  (Moorfields) ;  Ophthalmic 
Surgeon  to  the  Charing  Cross  Hospital,  and  Lecturer  on  Ophthalmology 
at  the  Medical  School. 

(vii) 


viii 


LIST  OF  CONTRIBUTORS. 


CROCKETT,  E.  A.,  M.D.,  ,    .    .  .  . 

Assistant  in  Otology  in  the  Harvard  University  Medical  School;  Assistant 
Surgeon  to  the  Massachusetts  Eye  and  Ear  Infirmary  ;  Visiting  Aural 
Surgeon  to  the  Infants'  and  Newton  Hospitals,  Boston,  Mass. 

DUANE,  ALEXANDER,  M.D., 

Instructor  in  Ophthalmology  and  Surgeon  to  the  Dispensary  of  the  CorneU 
Medical  College,  New  York;  Surgeon  to  the  Ophthahnic  and  Aural  Insti- 
tute; Ophthahnologist  to  the  Samaritan  Home;  Visiting  Ophthalmologist 
to  the  Randall's  Island  Hospital,  New  York. 

ELLETT,  EDWARD  C,  M.D., 

Ophthahnic  and  Aural  Surgeon  to  the  St.  Joseph's  Hospital,  the  City  Hospital, 
and  the  Leath  Orphan  Asylum,  Memphis,  Tenn. 

GIFFORD,  H.,  M.D., 

Professor  of  Ophthalmology  and  Otology  in  the  University  of  Nebraska, 
Omaha,  Neb. 

GOODALE,  J.  L.,  M.D., 

Assistant  Physician  for  Diseases  of  the  Nose  and  Throat  in  the  Massachusetts 
General  Hospital  and  in  the  Boston  Children's  Hospital,  Boston,  Mass.; 
Member  of  the  American  Laryngological  Association. 

HOPKINS,  F.  E.,  M.D., 

Laryngologist  and  Otologist  to  the  Springfield  Hospital,  Springfield,  Mass.; 
Fellow  of  the  New  York  Academy  of  Medicine  and  of  the  American  Laryn- 
gological Association,  etc. 

MAYER,  EMIL,  M.D., 

Surgeon  to  the  New  York  Eye  and  Ear  Infirmary  (Throat  Department); 
Fellow  of  the  American  Laryngological  Association;  Chairman  of  the 
Section  on  Laryngology  of  the  New  York  Academy  of  Medicine;  Ex- 
President  of  the  Section  on  Laryngology  and  Otology  of  the  American 
Medical  Association,  etc. 

NEWCOMB,  J.  E.,  M.D., 

Instructor  in  Laryngology  in  the  Cornell  University  Medical  College,  New 
York;  Attending  Laryngologist  to  the  Roosevelt  Hospital,  Out-patient 
Department,  and  to  the  Demilt  Dispensary,  New  York. 

POSEY,  WILLIAM  CAMPBELL,  M.D., 

Professor  of  Ophthahnology  in  the  Philadelphia  Polyclinic;  Surgeon  to  the 
Wills  Eye  Hospital;  Ophthalmic  Surgeon  to  the  Howard  and  Epileptic 
Hospitals,  Philadelphia;  Member  of  the  American  ODhthalmological 
Society. 

REEVE,  R.  A.,  M.D., 

Professor  of  Ophthahnology  and  Otology  in  the  University  of  Toronto; 
Ophthalmic  and  Aural  Surgeon  to  the  General  Hospital  and  Hospital  for 
Sick  Children,  Toronto,  Canada. 


LIST  OF  CONTRIBUTORS. 


RICHARDSON,  CHARLES  W.,  M.D., 

Professor  of  Laryngology  and  Otology  in  the  Medical  Department  of  the 
Columbian  University;  Laryngologist  to  the  Providence  Hospital,  the 
Foundling  Asylum,  and  Associate  Laryngologist  to  the  Epis'copal  Eye, 
Ear,  and  Throat  Hospital;  Ex-President  of  the  American  Laryngological, 
Rhinological,  and  Otological  Society;  Fellow  of  the  American  LarjTigo- 
logical  Association  and  American  Otological  Society. 

SHUMWAY,  EDWARD  A.,  B.S.,  M.D., 

Ophthalmologist  to  the  Presbyterian  Home  for  Widows  and  Single  Women 
of  Pennsylvania;  Voluntary  Associate  in  the  William  Pepper  Laboratory 
of  Clinical  Medicine,  Pliiladelphia. 

SIMPSON,  WILLIAM  KELLY,  M.D., 

Surgeon  to  the  New  York  Eye  and  Ear  Infirmary,  Throat  Department; 
Chief  of  Clinic  and  Instructor  in  Larj^ngology  in  the  College  of  Physicians 
and  Surgeons,  Columbia  University,  New  York;  Fellow  of  the  American 
Laryngological  Association,  etc. 

SPICER,  T.  HOLMES,  F.R.C.S.  Eng., 

Surgeon  to  the  Moorfields  Eye  Hospital;  Ophthalmic  Surgeon  to  the  St. 
Bartholomew's  Hospital,  London,  England. 

STARR,  ELMER  G.,  M.D., 

Clinical  Professor  of  Ophthalmology  in  the  Medical  Department  of  the  Uni- 
versity of  Buffalo ;  Surgeon  to  the  Eye  and  Ear  Department,  University 
Dispensary,  Buffalo,  N.  Y. ;  Eye  and  Ear  Surgeon  to  the  Erie  County 
Hospital,  German  Deaconess'  Hospital,  and  Buffalo  Hospital  of  Sisters  of 
Charity,  Buffalo,  N.  Y. 

SUTER,  WILLIAM  NORWOOD,  M.D., 

Assistant  Surgeon  to  the  Episcopal  Eye,  Ear,  and  Throat  Hospital,  Wash- 
ington, D.  C. 

THOMSON,  StCLAIR,  M.D.,  F.R.C.S.  Eng., 

Assistant  Physician  for  Diseases  of  the  Throat  in  the  King's  College  Hospital; 
Physician  to  the  Throat  Hospital,  Golden  Square;  Lecturer  on  Laryngology 
at  the  Polyclinic ;  late  Surgeon  to  the  Royal  Ear  Hospital,  London ;  Cor- 
responding Fellow  of  the  American  Larjoigological  Association;  of  the 
Academia  Medica  of  Florence,  and  of  the  Soci6t6  Franpaise  d'Otologie  et 
de  Laryngologie ;  Honorary  Librarian  of  the  Laryngological  Society  of 
London. 

veasey,  clarence  a.,  A.m.,  M.D., 

Demonstrator  of  Diseases  of  the  Eye  in  the  Jefferson  Medical  College;  Assist- 
ant Ophthalmic  Surgeon  in  the  Jefferson  Medical  College  Hospital;  Oph- 
thalmic Surgeon  in  the  Methodist  Episcopal  Hospital;  Consulting  Ophthal- 
mologist ia  the  Philadelphia  Lying-in  Charity. 

WEEKS,  JOHN  E.,  M.D., 

Surgeon  to  the  Ophthalmic  Department  of  the  New  York  Eye  and  Ear 
Infirmary;  Professor  of  Clinical  Ophthalmology  in  the  University  and 
Bellcvue  Hospital  Medical  College;  Fellow  of  the  New  York  Academy  of 
Medicine;  Member  of  the  American  Medical  Association. 


X 


LIST  OF  CONTRIBUTORS. 


WOOD,  CASEY  A.,  M.D., 

Professor  of  Ophthalmology  in  the  Chicago  Post-graduate  Medical  fechool; 
Professor  of  Clinical  Ophthahnology  m  the  University  of  Illinois;  Oph- 
thahnic  Surgeon  to  the  Passavant  Memorial  Hospital  and  to  St.  Luke's 
Hospital,  Chicago;  Consulting  Ophthalmologist  to  St.  Anthony's  Hos- 
pital, Chicago,  111. 

WURDEMANN,  H.  V.,  M.D., 

Professor  of  Ophthahnology  to  the  Milwaukee  Medical  CoUege,  and  Chief  of 
Eye  Chnic,  Ophthalmic  and  Aural  Surgeon  to  the  Trinity  Hospital;  to 
the  Milwaukee  Children's  Hospital;  to  the  Milwaukee  County  Hospital; 
to  the  Milwaukee  County  Hospital  for  the  Chronic  Insane. 


CONTENTS. 


THE  EYE. 
CHAPTER  I. 

  PAGE 

EXAMINATION  OF  THE  EYE  19 

By  William  Campbell  Posey,  M.D. 

CHAPTER  II. 

THE  PHYSIOLOGY  OF  VISION  53 

By  William  Norwood  Sxjter,  M.D. 

CHAPTER  III. 

REFRACTIVE  ERRORS  IN  GENERAL  75 

By  Alexander  Duane,  M.D. 

CHAPTER  IV. 

THE  MOTIONS  OF  THE  EYEBALL  AND  THEIR  DERANGEMENTS  .  145 

By^Casey  A.  Wood,  M.D. 

CHAPTER  V. 

DISEASES  OF  THE  ORBIT,  LACRYMAL  APPARATUS,  AND  LIDS    .  192 

By  R.  a.  Reea^e,  M.D. 

CHAPTER  VI. 

DISEASES  OF  THE  CONJUNCTIVA,  CORNEA,  AND  SCLERA    .       .  258 

By  John  E.  Weeks,  M.D. 

CHAPTER  VII. 

EMBRYOLOGY  OF  THE  EYE;  ANOMALIES,  DISEASES,  AND 
INJURIES  OF  THE  IRIS,  CILIARY  BODY,  CHOROID,  AND 
VITREOUS  331 

By  H.  V.  WURDEMANN,  M.D. 

(xi) 


CONTENTS. 
CHAPTER  VIII. 

PAGE 


SYMPATHETIC  OPHTHALMIA  390 

By  H.  Gifford,  M.D. 

CHAPTER  IX. 

DISEASES  OF  THE  RETINA,  OPTIC  NERVE,  AND  ITS  CEREBRAL 

ORIGIN  417 

By  T.  Holmes  Spicer,  F.R.C.S.  Eng. 

CHAPTER  X. 

DISEASES  OF  THE  CRYSTALLINE  LENS  474 

By  Edward  C.  Ellett,  M.D. 

CHAPTER  XL 

GLAUCOMA".       ...   524 

By  E.  'I'rbacher  Collins,  F.R.C.S.  Eng. 

CHAPTER  XII. 

DISTURBANCES  OF  VISION  WITHOUT  APPARENT  LESION  .        .  568 

By  Elmer  G.  Starr,  M.D. 

CHAPTER  XIII. 

THE  EYE  IN  ITS  RELATION  TO  GENERAL  DISEASES  .        .  .583 

By  C.  F.  Clark,  M.D. 

CHAPTER  XIV. 

GENERAL  PREPARATION_FOR  OPERATIONS  UPON  THE  EYE      .  653 
By  Clarence  A.  Veasey,  A.M.,  M.D. 

CHAPTER  XV. 

THE  TECHNIQUE  OF  THE  PATHOLOGICAL  AND  BACTERIOLOGI- 
CAL EXAMINATIONS  OF  THE  EYE  665 

By  Edward  A.  Shumway,  B.S.,  M.D. 


CONTENTS. 


xiii 


NOSE  AND  THROAT. 


CHAPTER  XVI. 

PAGE 

THE  HISTOLOGICAL  PATHOLOGY  OF  DISEASES  OF  THE  NOSE 

AND  THROAT  689 

By  J.  L.  GooDALE,  M.D. 

CHAPTER  XVII. 

METHODS  OF  EXAMINATION;  INSTRUMENTS  AND  APPARATUS 

AND  THEIR  USE  727 

By  J.  E.  Newcomb,  M.D. 


.     CHAPTER  XVIII. 

INFLAMMATORY  DISEASES  OF  THE  UPPER  AIR  PASSAGES;  HAY 

FEVER;  RHINORRHGEA;  ASTHMA;  INFLUENZA        .       .  .768 
By  Chaeles  W.  Richardson,  M.D. 


CHAPTER  XIX. 

DIPHTHERIA  OF  NOSE  AND  THROAT;  INTUBATION;  SYPHILIS, 
TUBERCULOSIS,  LUPUS  AND  LEPROSY  OF  NOSE  AND 
THROAT;  CHRONIC  LARYNGEAL  STENOSIS;  FOREIGN  BODIES 

IN  NOSE  AND  THROAT;  RHINOLITHS  829 

By  William  Kelly  Simpson,  M.D. 


CHAPTER  XX. 

NEOPLASMS  OF  THE  NOSE  AND  LARYNX;  THE  LOCAL,  MEDI- 
CINAL, AND  SURGICAL  TREATMENT  OF  THE  LARYNX  .       .  877 
By  W.  E.  Casselbehry,  M.D. 

CHAPTER  XXI. 

DISEASES  OF  THE  ACCESSORY  SINUSES        .        .       .        .  .922 
By  StClair  Thomson,  M.D.,  F.R.C.S.  Eng. 

CHAPTER  XXII. 

DISEASES  OF  THE  OROPHARYNX  AND  NASOPHARYNX      .       .  985 

By  H.  S.  Birkett,  M.D. 


CONTENTS. 

XIV 

CHAPTER  XXIII. 

PAGE 

NEUROSES  OF  THE  NOSE  AND  THROAT  1036 

By  Emil  Mayer,  M.D. 

CHAPTER  XXIV. 

EXTERNAL  DEFORMITIES  OF  THE  NOSE;  CLEFT  PALATE  .       .  1055 

By  F.  E.  Hopkins,  M.D. 


THE  EAK. 
CHAPTER  XXV. 

EXAMINATION  OF  THE  EAR;  DISEASES  OF  THE  EXTERNAL  EAR; 
DISEASES  OF  THE  EXTERNAL  AUDITORY  MEATUS ;  OTOMY- 
COSIS; FOREIGN   BODIES;  WOUNDS  OF  THE  MEMBRANA 

TYMPANI   

By  F.  E.  Hopkins,  M.D. 

CHAPTER  XXVI. 

DISEASES  OF  THE  INTERNAL  EAR  AND  AUDITORY  NERVE; 

DEAF  MUTISM  

By  E.  a.  Crockett,  M.D. 


CHAPTER  XXVII. 

PURULENT  INFLAMMATION  OF  THE  MIDDLE  EAR 
By  Henry  Arnold  Alderton,  M.D. 

CHAPTER  XXVIII. 

CHRONIC  NON-SUPPURATIVE  MIDDLE-EAR  DISEASE 
By  Arthur  H.  Cheatle,  F.R.C.S.  Eng. 


I 


THE  EYE. 


2 


(17) 


THE  EYE. 


CHAPTER  I. 


EXAMINATION  OF  THE  EYE. 
By  WILLIAM  CAMPBELL  POSEY,  M.D. 

General  Considerations.  The  student  of  medicine  should  ap- 
proach the  study  of  the  eye  with  a  twofold  purpose:  first  to  obtam 
through  it  further  information  regarding  the  state  of  the  general 
system,  and,  secondly,  to  become  acquainted  with  the  morbid  proc- 
esses which  attack  one  of  the  most  important  organs  of  the  body. 
There  is  no  other  organ  in  the  body  in  wliich  the  general  systemic 
condition  can  be  studied  to  better  advantage  than  the  eye,  for  it 
presents  in  a  compact  form  representation  of  nearly  all  the  tissues  of 
the  body,  and  bv  reason  of  the  transparency  of  some  of  its  coats 
the  student  is  enabled  actually  to  witness  physiological  and  patho- 
logical processes  occurrmg  within  it.  A  hving  nerve  head  the  optic 
papilla,  and  the  retinal  vessels  are  unfolded  to  the  gaze  of  the  oph- 
thalmologist, and  an  opportunity  afforded  him  of  observmg  the 
perfect  cycle  of  the  supply  of  an  organ  with  arterial,  and  the  escape 

of  its  venous,  blood.  , 

For  the  proper  study  of  this  important  organ  it  is  essential  that 
the  student  proceed  systematically  and  thoroughly,  for  while  it  o  ten 
happens  that  a  trained  cUnician  is  enabled  by  the  brief  recital  ot 
symptoms  or  by  a  rapid  glance  at  the  eye  to  make  a  proper  diagnosis 
it  is  better  that  the  student,  who  has  yet  to  attain  experience  and 
skill,  should  follow  some  settled  order  of  investigation,  and  that  tor 
the  purpose  of  future  reference,  as  well  as  to  ensure  accuracy,  he 
should  accustom  himself  to  record  faithfully  all  his  observations  m 
an  appropriate  case-book. 

Inspection  of  the  General  Physical  Condition.  Before  proceeding 
to  an  immediate  inspection  of  the  eye  itself,  it  is  advantageous  that 
the  general  physical  condition  of  the  patient  should  be  taken  account 
of.  For  this  purpose  he  should  be  seated  in  a  chair  facing  a  win- 
dow, the  student,  with  his  back  to  the  light,  seating  himse  seveud 
feet  distant  from  the  patient.  Under  this  strong  il  umination  the  ent  le 
person  of  the  patient  should  be  rapidly  inspected,  ^nd  any  depaituie 
from  the  normal  in  the  exposed  portions  of  the  skm  and  of  the  glandu- 

(  19  ) 


20 


THE  EYE. 


lar  system,  as  well  as  the  character  of  any  eruption,  noted.  Indi- 
cations of  anaemia  or  plethora  should  be  searched  for,  and  any 
evidences  of  jaundice.  Finally,  the  general  expression  of  the  patient 
and  the  presence  or  absence  of  pain,  or  of  any  intolerance  to  light, 
should  be  taken  into  account. 

Inspection  of  the  Eyes  and  Their  Adnexse.  This  general  survey 
of  the  case  being  completed,  the  attention  of  the  student  should  be 
directed  more  especially  toward  the  region  of  the  eyes.  The  shape 
and  general  configuration  of  the  head  and  the  character  of  the 
wrinkles  in  the  skin  of  the  forehead  and  at  the  root  of  the  nose  should 
be  studied.  Any  tendency  toward  facial  asymmetry  should  be 
noted,  and  comparison  made  whether  both  orbits  are  on  the  same 
horizontal  plane,  and  whether  their  cavities  are  deep  or  shallow. 
The  degree  of  prominence  and  the  size  of  the  eyeballs  should  be 
remarked,  and  the  relationship  which  the  eyes  bear  to  one  another. 
Especially  should  the  presence  or  absence  of  inflammation  of  the  eye- 
balls be  taken  into  account;  if  but  one  eye  is  diseased,  its  condition 
should  be  compared  with  that  of  the  sound  eye,  as  comparative 
examinations  of  this  kintl  are  frequently  of  gi-eat  value.  The  student 
should  carefully  scan  the  region  of  the  sinuses  accessory  to  the  eye, 
to  detect  swelling  or  signs  of  inflannnation  in  them.  Any  signs  of 
previous  injury  about  the  eyes  should  be  recorded.  The  attention 
.shoukl  then  be  directed  particularly  to  the  lids  as  to  any  inversion  or 
eversion  of  their  edges,  or  thickening  or  tlistortion  or  swelling  of  them ; 
estmiation  should  be  made  of  abnormal  narrowness  or  width  of  the 
palpebral  fissures.  The  action  of  the  orbicularis  in  closing  the  lids 
should  be  tested,  and  any  twitching  of  the  lids  and  associated  muscles 
of  the  face  noted.  The  region  of  the  inner  canthus  should  be  in- 
spected for  evidences  of  swelling,  or  retained  tears,  or  other  signs  of 
faulty  dramage  m  the  lacrymal  apparatus. 

Having  observed  the  general  appearance  of  the  patient,  and  having 
obtamed  by  the  mspection  of  the  region  of  the  eyes  in  a  general  way 
some  idea  of  the  nature  of  the  ocular  complaint,  before  attempting 
a  closer  inspection  of  the  eye  the  student  should  next  obtain  by  care- 
ful questioning  a  precise  and  complete  history  of  the  patient's  family 
and  personal  history. 

Family  and  Personal  History.  The  sex,  race,  and  age  of  the  patient 
should  be  recorded,  and  account  made  of  the  nature  of  the  occupation, 
certain  callings,  by  reason  of  the  accidents  to  which  they  expose  the 
eyes,  and  others  by  the  enforced  strain  which  they  place  upon  them, 
being  particularly  liable  to  produce  ocular  lesions.  Inquiry  should 
also  be  made  into  the  marital  relations;  and  if  the  patient  be  married, 
of  the  nuniber  and  health  of  any  offspring.  Any  hereditary  ten- 
dency particularly  to  ocular  disease  in  the  ancestry,  should  be  re- 
corded, also  the  temperament  of  the  patient,  whether  it  be  sanguine 
or  the  contrary  in  order  to  ascertain  the  value  and  degree  of  reliance 
to  place  upon  the  patient's  statements  regarding  the  severity  of  the 
symptoms,  nervous  subjects  exaggerating  and  lymphatic  ones  sup- 
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pressing  their  sensations.  The  habits  should  be  inquired  into,  espe- 
cially regarding  the  use  of  alcohol  and  tobacco.  If  syphilis  be 
suspected,  question  should  be  made  regarding  the  pnmary  sore,  as 
well  as  the  time  of  appearance  of  any  secondary  manifestations.  AW 
previous  illnesses  should  be  taken  account  of,  especially  of  the  exist- 
ence of  gout,  rheumatism,  tuberculosis,  malaria  or  other  dyscrasia. 
The  urine  should  be  tested  in  all  doubtful  cases,  and  its  examination 
made  a  part  of  the  routine  in  all  cases  requiring  important  operations 
upon  the  eyeball,  such  as  cataract.  If  the  patient  be  a  female,  she 
should  be  questioned  regarding  menstrual  disorders,  and  particularly 
as  to  the  influence  of  the  menstrual  epoch  upon  the  ocular  symptoms. 
Finally,  should  the  inspection  of  the  patient  have  aroused  suspicion 
as  to  involvement  of  the  central  nervous  system,  inquiry  should  be 
made  of  aU  possible  sensory  and  motor  disturbances. 

Ocular  History.  Having  obtained  by  direct  and  searching  cross- 
questioning  a  precise  knowledge  of  the  antecedents  as  well  as  of  the 
personal  history  of  the  patient,  the  student  is  now  prepared  to  direct 
his  inquiries  to  the  ocular  condition  itself.  He  will  accordingly 
inquire  as  to  the  time  and  manner  of  onset  of  the  present  attack; 
whether  it  was  accompanied  by  pain  or  inflammatory  symptoms, 
the  degree  to  which  vision  was  disturbed,  and  whether  one  eye  or  both 
were  affected.  He  will  inquire  into  previous  attacks  of  ocular  in- 
flammation, and  trace  any  relationship  with  the  present  outbreak. 
Should  the  case  be  one  of  refraction  error,  the  previous  wearing  of 
glasses  and  their  efficacy  in  relieving  the  ocular  symptoms  should  be 
recorded,  also  regarding  the  location  and  character  of  any  head  pain 
and  the  influence  of  the  use  of  the  eyes  in  reading  upon  it.  If  it  be 
apparent  that  a  palsy  of  one  or  more  of  the  extra-ocular  muscles  be 
present,  the  nature  of  the  double  vision  should  be  elicited.  In  fipe,_the 
student  cannot  be  too  searching  nor  too  persistent  in  his  questioning, 
and  should  exhaust  every  possible  phase  of  the  subject  before  ap- 
proaching the  direct  and  closer  inspection  of  the  eye  and  its  appen- 
dages. 

Direct  Inspection  of  the  Eye  and  Its  Appendages.  For  this  pur- 
pose it  is  necessary  that  the  student  should  approach  the  patient 
sufficiently  close  to  observe  the  finer  structures  of  the  eye  and  to 
permit  of  any  manipulation,  either  with  the  hand  or  with  instruments, 
that  may  be  required;  he  should,  moreover,  refrain  from  handling 
the  eye  any  more  than  is  necessary,  and  endeavor  to  gain  as  much 
information  as  is  possible  by  inspection  with  the  naked  eye, 
without  the  intervention  of  lenses  or  instruments,  for  such  aids  are 
not  always  at  hand,  and,  moreover,  even  the  lightest  touch  is 
often  sufficient  to  render  sensitive  eyes  so  irritable  that  further  ex- 
amination is  impossible.  In  many  young  children,  and  in  indi- 
viduals who  have  an  intense  intolerance  to  light,  however,  inspec- 
tion without  handling  is  fruitless,  on  account  of  the  tightly  closed 
lids,  so  that  the  observer  will  be  compelled  to  open  them  himself 
before  he  can  obtain  a  view  of  the  eye.    This  is  best  accomplished 
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in  young  children  by  the  operator  seating  himself  in  such  a  manner 
that  the  light  from  a  window  falls  upon  his  right  or  left  side,  while 
the  child's  head  is  held  firmly  between  his  knees,  the  body  being 
supported  upon  the  lap  of  an  attendant,  who  should  also  grasp  the 
hands,  the  legs  being  left  free.  The  head  being  thus  rendered  im- 
mobile, the  surgeon  can  inspect  the  neighboring  parts  deliberately, 
and  can  examine  the  eye  satisfactorily  by  drawing  the  lids  slowly 
apart,  by  pressing  on  the  inferior  and  superior  orbital  ridges,  or  by 
inserting  a  Desmarres  lid  elevator  (Fig.  1)  beneath  them,  always  exer- 

FlG.  1. 
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Desmarres'  lid  retractor. 


cising  the  greatest  care  to  avoid  pressure  upon  the  eyeball  itself,  for 
fear  of  injuring  the  cornea.  When  there  is  marked  intolerance  to 
light,  a  4  per  cent,  solution  of  muriate  of  cocaine  may  often  be  success- 
fully employed  to  allay  irritation,  although  in  some  cases  general 
antcsthetization  by  chloroform  may  have  to  be  resorted  to  before  a 
satisfactory  examination  can  be  made.  In  adults  it  is  possible  to 
examine  even  the  most  sensitive  eyes  by  making  gentle  traction  on 
the  hds,  by  drawing  them  towartl  the  inferior  and  superior  orbital 
ndges,  thereby  avoiding  pressure  upon  the  eyeball  itself. 

The  Lids,  The  character  of  any  changes  which  have  been  noted 
in  the  hds  during  the  general  inspection  should  now  be  studied  more 
carefully,  especial  care  being  devoted  to  the  condition  of  their  mar- 
gins, as  to  misplaced  cilia  or  the  presence  of  pediculte,  and  the  char- 
acter of  any  incrustation  or  swellings. 

Lacrymal  Apparatus.  The  region  of  the  inner  canthus  should  be 
inspected  most  rigorously,  any  localized  injection  of  the  conjunctiva 
or  collection  of  tears  or  mucus  at  that  point  exciting  the  suspicion  of 
obstruction  in  the  proper  canahzation  of  the  secretion  from  the  eye. 
ihe  position  and  patulency  of  the  lacrymal  puncta  should  be  ascer- 
tained, and  gentle  pressure  made  with  the  tip  of  the  finger  over  the 

'^"rJiT  J"""'  ^^'^"^  ^  '"'"'^  *°  expressing  any  retained  contents. 
The  Orbit  and  the  Position  of  the  Eyeball  in  It.    Unequal  prominence 

t  the  globes  may  be  measured  by  placing  the  straight  edge  of 
^hrn!  .  '''P'^"^'^^*^^  "^^g^  to  the  cheek,  and  comparing 

S  n,K>  1.*^  fr'^  t^'^  '^''^  the  two  sides.  Palpatio^ 
^1  I  hnnv  P^'T-^^'^'^  the  index  finger  along 

the  bony  margins  of  the  orbit,  the  finger  being  allowed  to  dwell  par 

menrn^r  T  ''''  ^'"'^"^  ^^'^^  to  detect  ai^  i^ge- 

sTnrn  orhUnl   'T''f    ^["''V'^  t^^  foramina  of  exit  of  the 

supra-orbital  and  infra-orbUal  nerves  should  not  be  omitted. 

of  ^hP  .nlT  T  ^"l-'*^-^^^^-  Before  exploring  the  recesses 
of  the  cul-de-sacs,  the  caruncle  and  the  semilunar  fold  in  the  angle  of 
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the  inner  canthus  should  be  examined  for  small  growths  or  foreign 
bodies    The  conjunctiva  of  the  lids,  palpebral  conjunctiva  should 
then  be  inspected,  and  any  change  in  its  vascularity  or  m  the  character 
of  its  secretion,  and  the  presence  of  granulations  or  foreign  bodies, 
noted    To  examine  the  conjunctiva  of  the  retrotarsal  folds  and  the 
cul-de-sacs,  it  is  necessary  to  evert  the  lids;  this  is  readily  accom- 
plished in  the  case  of  the  lower  cul-de-sac  by  drawing  the  lower  hd 
o-ently  down  with  the  index  finger  of  the  right  hand,  while  the  patient 
fs  told  to  direct  his  gaze  upward.    Inspection  of  the  upper  cul-de-sac 
is  less  simple,  and  is  performed  by  grasping  the  edge  of  the  upper  lid 
and  a  few  cilia  with  the  thumb  and  index  finger  of  the  right  hand, 
and  by  depressing  the  upper  edge  of  the  cartilage  of  the  hd  with  a 
finger  of  the  left  hand,  or  with  some  convenient  instrument,  such  as 
a  probe,  wliile  the  patient  looks  steadily  downward.    By  requesting 
the  patient  to  direct  his  gaze  still  further  downward  the  palpebral 
portion  of  the  lacrymal  gland  may  be  brought  into  view.    The  bulbar 
conjunctiva  is  ordinarily  invisible  save  for  the  few  bloodvessels  which 
are  distributed  through  it.    The  color  of  the  sublying  sclera  should 
be  noted,  and   any   undue  vascularity  and   prominences  taken 

Before  proceeding  further,  it  is  desirable  that  the  student  should 
have  a  clear  idea  of  the  vascular  supply  of  the  exterior  of  the  eye, 
in  order  that  he  may  appreciate  the  different  forms  of  congestion 
peculiar  to  the  vessels  of  the  several  tissues,  as  no  other  symptom 
o-ives  surer  indication  of  the  location  of  ocular  lesions. 
*  Bloodvessels  of  the  Exterior  of  the  Eye.    The  vascular  supply  of 
the  exterior  of  the  eye  may  be  grouped  for  convenience  into  three 
systems-    1   The  Posterior  Conjunctival  Vessels,  or  the  vessels  proper 
to  the  conjunctiva.    2.  The  Anterior  Ciliary  Vessels.    These  consist 
of  (a)  perforating  arteries  and  veins,  and  {h)  non-perf orating  arteries 
and  veins.    The  perforating  arteries  supply  the  sclerotic,  ins  and 
ciliary  body,  their  veins  receiving  the  blood  from  the  canal  of  Schlemm 
and  the  ciliary  body.    These  vessels  are  visible  in  health  as  several 
comparatively  large  tortuous  vessels  which  perforate  the  globe  about 
5  mm.  from  the  corneal  limbus.    The  non-perforating  or  episcleral 
vessels,  which  are  branches  from  the  anterior  ciliary  vessels  are  very 
numerous  and  form  a  zone  of  closely  set  vessels  around  the  cornea. 
They  are  invisible  in  health.    3.  The  Anterior  Conjunctival  Vessels 
and  their  Loop-plexus  on  the  Corneal  Border.    These  are  the  vessels 
proper  to  the  margin  of  the  cornea  and  immediately  adjacent  zone 
of  conjunctiva,  and  it  is  by  means  of  these  numerous  minute  branches 
which  are  offshoots  of  the  anterior  cihary  vessels  that  systems  1  and 
2  anastomose.    (Plate  I.,  Fig.  1.)  .   ,.    ^    ^i,  ^  r  f 

Conjunctival  congestion  is  the  name  given  to  indicate  that  torm  ot 
congestion  which  is  caused  by  an  injection  of  the  posterior  con- 
junctival vessels.    The  injection  is  most  marked  at  the  tornix  and 
its  immediate  neighborhood,  where  these  vessels  are  most  numerous 
and  is  less  noticeable  around  the  cornea.    The  vessels  being  situated 
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in  the  conjunctiva,  may  be  made  to  slide  readily  over  the  globe,  and 
are  easily  emptied  by  pressing  on  the  lid  with  the  finger.  In  this 
form  of  congestion  the  conjmictiva  assumes  a  yellow  or  brick-red  hue, 
especially  in  the  region  of  the  inner  canthus,  and  there  is  more  or  less 
mucopurulent  discharge.  Conjunctival  congestion  is  diagnostic  of 
conjunctivitis.    (Plate  I.,  Fig.  2.) 

Ciliary  or  circumcomeal  congestion  is  the  name  given  to  an  injection 
which  is  most  marked  in  the  zone  immediately  aromad  the  cornea, 
and  gradually  fades  at  the  periphery  of  the  globe.  It  is  causecl 
by  injection  of  the  anterior  ciliary  and  anterior  conjunctival  vessels. 
As  these  are  situated  beneath  the  conjunctiva,  they  cannot  be  dis- 
placed or  made  to  disappear  by  pressure  on  the  Ud.  There  is  no 
accompanying  discharge.  In  this  form  of  congestion  the  circumcor- 
neal  region  assumes  either  a  pinkish  or  a  scarlet  hue,  while  in  other 
cases  deep-seated  patches  of  a  lilac  or  violaceous  color  appear.  Ciliary 
injection  indicates  disease  in  the  cornea,  iris,  or  ciliary  body;  when 
the  peculiar  lilac-colored  patches  are  present,  disease  of  the  deeper 
lying  tissues,  the  sclera,  and  ciliary  body  is  indicated;  and  when 
observed  in  connection  with  enlargement  of  the  episcleral  veins,  a 
chronic  increase  of  intra-ocular  tension — glaucoma — may  be  sus- 
pected.   (Plate  I.,  Fig.  3.) 

Mixed  Forms  of  Congestion.  On  account  of  the  free  anastomosis 
of  the  three  groups  of  vessels,  it  frequently  happens  that  there  is 
merging  of  the  different  types  of  congestion  into  one  another.  It 
should  be  borne  in  mind,  however,  that  while  a  prolonged  ciliary 
congestion  gradually  produces  more  or  less  conjunctival  congestion, 
the  converse  is  not  true,  for  a  conjunctivitis  will  not  excite  a  ciliarv 
injection  unless  the  cornea  or  iris  also  is  affected. 

The  Cornea.  The  shape,  the  general  curvature  of  the  cornea,  and 
the  position,  extent,  and  density  of  all  irregularities  and  opacities  in 
it,  should  be  studied  on  account  of  the  important  bearing  which  they 
have  upon  the  vision  and  refraction  of  the  eye.  For  this  purpose 
two  methods  are  available:  examination  of  the  corneal  reflex  and 
direct  inspection. 

Examination  of  the  Corneal  Reflex.  When  the  light  from  a  win- 
dow is  permitted  to  fall  directly  upon  the  cornea,  and  the  eyes  are 
made  to  follow  the  finger  of  the  surgeon  while  it  is  moved  in 
various  directions,  it  will  be  noticed,  if  there  be  any  irregularity 
upon  the  surface  of  the  cornea,  that  the  image  of  the  window 
bars  which  is  thrown  upon  it,  instead  of  being  reflected  clear 
and  well  defined,  will  be  broken  and  ill  defined  at  these  points. 
The  same  principle  is  made  use  of  in  the  application  of  the  Placido 
disk.  ^  (Fig.  2.)  This  consists  of  a  target  on  which  are  con- 
centnc  alternate  black  and  white  circles,  with  a  central  perforation. 
In  its  employment,  the  patient  should  be  placed  with  his  back 
to  the  light,  the  surgeon  viewing  the  reflection  of  the  image  of 
the  circles  upon  the  cornea  through  the  opening  in  the  centre  of 
the  disk.    Any  irregularity  or  excessive  difference  in  the  curvature 
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of  the  meridians  of  the  cornea  will  be  manifested  by  a  break  or  dis- 
tortion in  the  circles.   The  corneal  reflex  should  always  be  studied 


Fig.  2. 


ver 


Placido's  disk,  or  keratoscope. 

as  part  of  the  routine  ophthalmoscopic  examination,  the  observe, 
stationing  himself  for  this  purpose  behind  and  to  one  side  of  the 
patient's  head,  so  as  to  have  the  patient's  face  in  shadow.    The  light 

Fig.  3. 


Corneal  loupo. 


is  then  thrown  upon  the  eye  by  a  plane  mirror,  and  the  shadows  care- 
fully studied  through  a  hole  in  the  mirror.    (Vide  Retinoscopy.) 
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The  most  accurate  and  exhaustive  method  of  studying  the  shape 
of  the  cornea  by  utihzing  the  reflex  that  it  casts  is  by  means  of  the 
ophthahnometer.    (F^(iepage  114.) 

Examination  by  Direct  Inspection.  This  may  be  done  with  the  naked 
eye,  by  means  of  a  monocular  magnifying  lens  (the  corneal  loupe) 


Fig.  4. 


Jackson's  binocular  magnifier. 


(Fig.  3),  by  a  binocular  magnifier  (Jackson's)  (Fig.  4),  by  oblique 
illumination,  and,  finally,  if  it  be  the  purpose  to  study  minute  changes 
in  the  cornea,  a  compound  microscope  may  be  used  which  has  been 
specially  constructed  for  this  purpose. 

PlO.  5. 


Oblique  or  focal  illumination. 


In  the  examination  of  the  cornea  by  oblique  or  jocal  illumination, 
two  convex  lenses  of  several  inches  focus  are  necessary,  one  to  be 
used  to  concentrate  the  light  upon  the  cornea,  while  the  other  is 
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employed  as  a  magnifier,  through  which  the  illuminated  surface  may 
be  studied.  (Fig.  5.)  The  patient  should  be  seated  in  a  dark  room 
with  the  light  on  the  teniporal  side  and  slightly  in  front  of  the  plane 
of  the  patient's  face.  This  method  is  extremely  valuable,  for  by  vary- 
ing the  distance  of  the  lens  from  the  eye  it  is  possible  to  study  not  only 
chano-es  in  the  cornea,  but  also  those  in  the  anterior  chamber,  iris,  and 
lens  ;°and  if  the  pupil  be  dilated  and  the  light  thrown  almost  perpendic- 
ularly into  the  eye,  changes  in  the  anterior  layers  of  the  vitreous 
may  be  made  out  as  well. 

Loss  of  substance  in  the  corneal  epithelium  may  be  demonstrated  by 
instilling  a  drop  of  fluorescin  into  the  eye  (Gruebler  s  fluorescm,  2  per 
cent.;  carbonate  of  sodium,  3.5  per  cent.),  the  surface  from  which  the 
epithelium  is  removed  being  stained  greenish  yellow  by  the  drug, 
while  the  rest  of  the  membrane  remains  clear. 

The  sensitiveness  of  the  cornea  is  tested  best  by  gently  touching  it 
with  a  wisp  of  cotton:  if  sensation  be  imimpaired,  the  eye  will  wink 
reflexly ;  but  if  the  lids  remain  immobile,  further  investigation  of  the 
sensibility  of  the  skin  of  the  surrounding  tissue  should  be  made  with 
an  jesthesiometer,  to  determine  the  extent  of  the  anaesthesia. 

The  anterior  chamber  should  be  examined  in  respect  to  its  depth  and 
contents;  among  the  latter  which  the  chamber  may_  contain  being 
blood,  or  hyphoema;  pus,  or  hypopyon,  and  foreign  bodies. 

The  Iris.  In  the  examination  of  the  iris,  the  attention  should  be 
•directed  chiefly  to  its  color,  to  the  appearance  of  its  stroma,  and  espe- 
cially to  the  size,  position,  and  behavior  of  the  pupil .  The  colpr  of  the 
iris  is  due  to  the  amount  and  distribution  of  the  pigment  in  it;  in 
albinism,  where  there  is  an  absence  of  pigment,  the  iris  is  translucent. 


The  iris.  (Fcchs.) 

and  in  newly  born  children  it  is  almost  invariably  of  a  light  grayish 
blue.  The  irides  may  differ  in  color  in  the  two  eyes,  chromatic  asym- 
metry; or  parts  of  the  same  iris  may  be  colored  differently,_  piebald 
iris.  Discoloration  of  the  iris  should  always  excite  suspicion  ot 
inflammation  of  membrane. 
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When  viewed  through  a  magnifymg  glass,  with  the  aid  of  obUque 
illumination,  the  iris  is  seen  to  be  composed  of  a  series  of  elevations 
(Fig.  6)  and  depressions,  the  former  being  occasioned  by  the  blood- 
vessels, which  run  radially  from  the  base  of  the  iris  to  the  pupil; 
while  the  depressions  correspond  to  crypts  in  the  stroma  of  the  iris, 
and  are  found  chiefly  near  the  pupillary  margin.  Although  these 
elevations  and  depressions  are  sharp  and  distinct  in  the  normal  eye, 
they  become  blended  in  inflammation,  which  constitutes  an  important 
sign  of  iritis. 

Changes  in  the  plane  of  the  iris,  tears  in  its  pupillary  edge  and  base, 
and  any  wave-like  movements  on  its  surface,  iridodonesis,  should  be 
searched  for  carefully.  Thickening  and  vascularity  of  the  membrane 
should  be  remarked  antl  the  character  of  any  nodulation  noted. 

The  Pupil.  The  chief  characteristics  of  the  healthy  pupil  are  its 
circular  outline  and  its  mobility. 

The  size  of  the  pupil  varies  greatly  in  health,  ranging  from  2.44  to 
5.82  millimetres,  being  influenced  by  age  and  refraction,  and  is  directly 
dependent  upon  the  stimulation  of  the  light,  accommodation  and  con- 
vergent impulses  which  it  receives.  Woinow  places  the  average  at 
4.14  millimetres.  As  a  rule,  age  causes  the  pupil  to  grow  smaller,  and 
it  is  also  more  likely  to  be  smaller  in  hypermetropia  than  in  myopia. 
Its  width  may  be  ascertained  by  means  of  the  pupillometer,  which 
consists  of  a  scale,  preferably  of  glass,  graduated  in  circles  ranging  from 
1  to  8  millimetres.   (Fig.  7.)  This  is  held  close  to  the  eye,  and  while 
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Hirschberg's  pupillometer. 


the  patient  fixes  his  gaze  upon  some  distant  object,  the  circle  should 
be  found  which  corresponds  with  the  diameter  of  the  pupil.  Until 
the  student  has  acquired  sufficient  skill  to  enable  him  to  obtain  an 
accurate  measurement  of  the  pupil  by  simple  inspection,  some  such 
scale  should  be  employed  in  all  cases. 

The  pupil  should  be  round,  but  this  is  usually  prevented  by  astig- 
matism, which  gives  it  an  oval  appearance ;  it  should  also  be  situated 
slightly  to  the  nasal  side  of  the  centre  of  the  cornea. 

The  separation  of  the  pupils  from  each  other  varies  with  age  and 
sex  and  with  the  form  of  the  face;  in  adults  it  has  an  average  of  58 
mm.,  although  Nagel  places  it  at  63  mm. 
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The  pupil  is  rarely  clear  black,  the  anterior  surface  of  the  lens  re- 
flecting some  light;  indeed,  this  reflex  is  often  so  marked  in  elderly 
subjects  that  the  grayish  film  due  to  sclerosis  of  the  lens  is  often  mis- 
taken for  cataract  by  the  inexperienced  observer.  If  oblique  illumi- 
nation be  employed,  however,  the  true  nature  of  the  opacity  m  the 
lens  becomes  manifest. 


Fig.  8. 
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Illustrating  the  paths  of  Innervation  of  the  Iris.     Constrictors  from  t*^^  ^ 
gemina  by  the  third  nerve,  ciliary  ganglion  and  nerves  to  the  circular  ^"^^l^^^/^^^^^^'"^.  ^'^^^ 
from  the  bulb  and  cord  by  anterior  roots  of  the  iirst  three  thoracic  nerves, 

rami  communicantes,  cervical  sympathetic  and  ganglia,  Gassenan  ganglion,  ophthalmic  branch  of 
the  fifth  nerve,  ciliary  ganglion  and  nerves  radiating  to  muscles  of  ins.  (Waller.) 

The  iris  is  the  diaphragm  of  the  eye,  and  by  its  action  in  intercepting 
marginal  rays  it  prevents  an  excessive  amount  ot  light  from  entering 
the  eye.  In  order  that  this  may  be  accomplished  with  great  rapidity 
and  the  size  of  the  pupil  instantly  changed,  the  ins  is  provided  with  a 
delicate  mechanism  wonderfully  adapted  to  the  function  which  it  has 
to  perform.  This  consists  of  two  antagonistic  factors:  one,  a  constrict- 
ing mechanism,  to  contract  the  pupil ;  the  other,  a  dilating  one,  to  dilate 
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the  pupil.  The  former  is  accompUshed  by  stimidation  of  the  oculo- 
motor nerve  and  consequent  contraction  of  the  sphincter  pupilla),  a 
circular  muscle  surrounding  the  pupil ;  the  latter,  by  the  absence  of 
this  stimulation  and  by  the  contracting  effect  of  the  cervical  sjonpa- 
thetic,  which  supplies  the  dilatoi-  pupillte,  the  meridianal  muscular 
fibres  of  the  iris  and  also  the  bloodvessels  of  the  iris,  contraction  of 
these  vessels  causing  narrowing  of  the  iris  and  dilatation  of  the 
pupil . 

The  reaction  of  the  pupil  is  either  a  rejiex  action,  in  which  event  the 
impulse  passes  along  the  optic  nerve,  the  afferent  nerve,  to  the  oculo- 
motor centre,  and  along  the  oculomotor  nerve,  the  afferent  nerve  to 
the  eye,  through  the  medium  of  fibres  which  connect  the  corpora  quad- 
rigeniina  with  the  nuclei  of  the  oculomotor  nerve;  or  it  may  be  asso- 
ciated, in  which  case  the  impulses  are  set  mto  action  simultaneously 
with  efforts  at  accommodation  and  convergence.  The  degree  of  the 
pupillary  contraction  in  associated  action  is  always  less  than  that 
observed  in  the  reflex  reaction. 

TiiK  REFLEX  REACTION  of  the  pupil  may  be  either  direct  or  consen- 
sual. The  direct  light  reflex  is  the  contraction  of  the  pupil  which  is 
observed  in  the  eye  when  it  is  exposeil  to  increased  illumination,  the 
consensual  or  indirect  light  reflet  being  that  which  occurs  in  the  pupil 
of  the  other  eye,  following  exposure  of  one  eye  to  light. 

The  direct  light  reflex  is  tested  by  alternately  shading  and  un- 
covering the  eye  in  daylight  with  the  hand,  or  by  concentrating 
artificial  light  upon  it,  either  by  means  of  oblique  illumination  or  by 
the  mirror  of  an  ophthalmoscope,  the  gaze  of  the  patient  being  fixed 
on  a  distant  object,  to  avoid  any  associated  stimulus  from  either 
accommodation  or  convergence  stimuli.  It  sometimes  happens  that 
after  the  cover  is  removed  from  the  eye  the  first  contraction  of  the 
pupil  to  light  is_  followed  by  dilatation,  and  often  an  interval  of 
extreme  contraction,  being  succeeded  by  moderate  dilatations  and 
contractions  until  the  pupil  becomes  stationary.  This  condition  is 
termed  hippus,  and  is  explained  by  Swanzy  as  follows:  Each  con- 
traction of  the  pupil,  by  dimmishing  the  supply  of  light  to  the  retina, 
contains  in  itself  the  cause  of  the  succeeding  dilatation;  and  for 
the  converse  reason,  each  dilatation  sets  agoing  the  succeeding  con- 
traction, until  at  last  equilibrium  is  attained.  Hippus  is  seen  in 
cerebro-spinal  sclerosis,  disseminated  sclerosis,  neurasthenia,  hysteria, 
psychical  disturbances,  epilepsy,  and  acute  meningitis  in  its  early 
stages. 

The  consensual  or  indirect  pupillary  reaction  is  tested  by  observ- 
ing the  motions  of  the  pupil  in  the  other  eye  while  the  eye  under 
examination  is  being  alternately  covered  and  uncovered.  This  test 
is  dependent  anatomically  upon  the  fact  that  fibres  pass  from  the 
retina  of  each  eye  through  the  chiasm  partly  into  the  right  and  partly 
into  the  left  optic  tract,  and  that  from  these  the  stimulus  is  trans- 
mitted directly  to  both  right  and  left  oculomotor  nuclei,  each  nucleus 
setting  up  a  contraction  of  the  pupil  of  its  own  side. 
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The  direct  Ught  reflex  is  tested  for  the  purpose  of  detecting  the 
existence  of  adhesions  of  the  iris  to  the  capsule  of  the  lens  (posterior 
synechia),  and  to  determine  the  sensitiveness  of  the  retina  and  of  the 
visual  apparatus  generally  to  light.  The  reaction  is  an  exceedingly 
delicate  one,  and  indicates  the  presence  or  absence  of  quantitative 
perception  to  light.  It  will  presently  be  explained,  however,  that  the 
latter  function  may  be  wanting  in  certain  diseased  states,  and  yet  the 
pupil  reflex  take  place;  or  the  pupil  reflex  may  be  wanting,  and  per- 
ception of  light  still  be  present. 

The  associated  reaction  of  the  pupil,  or  the  accommodation  and  conver- 
gence reflex,  is  tested  by  requesting  the  patient  to  look  fixedly  at  an 
object  held  in  the  median  line  about  10  cm.  in  front  of  the  face.  The 
contraction  of  the  pupil  which  follows  is  due  to  the  intimate  associa- 
tion of  the  central  innervation  of  the  sphincter  muscle  of  the  iris,  the 
ciliary  body,  and  the  internal  rectus  muscles.  While  accommodation 
imassociated  with  convergence  will  not  cause  contraction  of  the  pupil, 
reaction  follows  convergence  stimuU  alone. 

In  contradistinction  to  the  contraction  of  the  pupil  when  acted  upon 
by  Ught  or  accommodation  or  convergence  stimuli,  the  pupil^  invari- 
ably dilates  when  acted  upon  hy  sensory  stimuli.  Thus  the  pupil  which 
is  contracted  during  sleep  and  deep  narcosis  dilates  at  the  moment  of 
waking.  The  pupil  dilates  also  under  nervous  excitement,  such  as 
fear  and  surprise,  and  also  with  deep  inspirations  and  expirations;  it 
is  dilated  also  during  hunger  and  in  anaemia.  Irritating  or  pinching 
the  skin  of  the  neck  is  followed  also  by  pupillary  dilatation  (pam 
reaction).  Both  pupils  should  be  equal  in  size,  unequal  pupils  {anis- 
ocoria),  although  frequently  of  no  import,  being  often  a  grave  symptom. 
In  testing  the  reflexes,  it  is  essential  to  observe  whether  contraction 
and  dilatation  of  the  pupil  occur  simultaneously  and  to  the  same 
degree  in  both  eyes.  As  a  rule,  it  may  be  stated  that  the  least  mov- 
able pupil  belongs  to  the  affected  eye. 

As  deeply  seated  disease  of  the  brain  and  spinal  cord  frequently 
manifest  themselves  in  some  disturbance  of  the  pupil,  it  is  most 
essential  for  the  student  to  understand  fully  its  nervous  connections. 

The  Behavior  of  the  Pupil  in  Disease.  Pathological  processes 
which  afl^ect  the  iris  manifest  themselves  either  in  a  contraction  of 
the  pupil  (myosis),  or  in  a  dilatation  of  it  (mydriasis).  Both  of  these 
differences  in  the  diameter  of  the  pupil  may  be  the  expression  of 
either  spasm  or  paralysis  of  the  musculature  of  the  iris,  or  they  may 
be  the  result  of  some  inflammatory  condition  of  the  iris  or  withm  the 
eyeball,  as,  for  example,  the  myosis  which  accompanies  iritis,  or  the 
mydriasis  which  is  seen  in  glaucoma. 

Myosis  (contraction  of  the  pupil).  Myosis  may  be  due  either  to 
spasm  of  the  sphincter  pupilla?  or  to  an  irritation  of  the  contracting 
centre  or  nerve  fibres,  spastic  myosis;  or  it  may  be  the  result  of  par- 
alysis of  the  dilating  fibres  of  the  pupil  or  of  the  pupil-dilating  centre 
or  nerve  fibres,  paralytic  myosis.  Either  cause  operating  alone  oc- 
casions a  moderate  contraction  of  the  pupil;  if  both  are  active,  the 
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pupil  is  contracted  to  a  pinpoint.  Contraction  of  the  pupil  follows 
simultaneous  stimulation  of  both  dilating  and  contracting  mechan- 
isms. The  most  common  cause  of  contracted  pupil  in  disease  of  the 
eye  is  adherence  of  the  iris  to  the  lens  capsule. 

Spastic  myosis  is  symptomatic  of  inflammatory  affections  of  the 
brain  and  its  meninges;  it  is  present  in  the  early  stages  of  intracranial 
tumors  which  involve  the  third  nerve;  it  is  seen  at  the  beginning  of 
hysterical  and  epileptic  seizures.  Pressure  upon  the  pons  causes 
myosis.  It  results  from  stimulation  of  the  pupillary  contracting 
centre,  and  occurs  in  those  who  suffer  from  tobacco  amblyopia  and 
in  those  who  follow  trades  which  demand  long  maintained  efforts  of 
accommodation  (watchmakers,  jewelers,  etc.).  If,  in  the  course  of 
a  case  of  cerebral  disease,  myosis  gives  way  to  sudden  dilatation,  the 
prognosis  becomes  grave,  the  stage  of  depression  with  paralysis  of 
the  third  nerve  being  indicated.  Myosis  may  be  a  reflex  action  in 
ciliary  neurosis;  it  accompanies  many  diseased  conditions  of  the  por- 
tion of  the  eye  supplied  by  the  fifth  nerve.  The  pupil  in  irritation 
myosis  is  but  little  affected  by  reflex  stimuli;  it  is  very  susceptible, 
however,  to  drugs,  mydriatics  dilating  it  widely,  and  myotics  contrac- 
ting it  ad  maximum.  In  contradistinction  to  this,  the  pupil  in  par- 
alytic myosis  reacts  actively  to  the  different  reflex  stimuli,  and  is  but 
little  affected  by  mydriatics,  although  myotics  contract  it  greatly. 

Paralytic  myosis  occurs  in  spinal  lesions  above  the  dorsal  vertebr£e, 
and  is  especially  significant  of  tabes  dorsalis.  In  the  early  stages  of 
this  disease,  in  which  the  cilio-spinal  centre  or  the  higher  region  of  the 
cord  alone  have  been  affected,  the  pupil  is  but  moderately  contracted, 
and  reacts  to  both  light  and  on  convergence;  later  on,  the  pupil 
presents  the  phenomena  which  have  been  characterized  as  Argyll- 
Robertson  pupil  or  reflex  iridoplegia—i.  e.,  the  pupil  responds  very 
slightly  or  not  at  all  to  light,  but  is  active  in  accommodation  and 
convergence.  The  lesion  which  produces  the  Argyll-Robertson  pupil 
has  been  variously  situated  in  the  fibres  which  pass  from  the  proxi- 
mal end  of  the  optic  nerve  to  the  oculomotor  nuclei,  and  to  a  nuclear 
lesion  pure  and  simple.  Another  pupillary  sign  which  is  seen  in 
tabes  dorsahs  is  known  as  unilateral  reflex  iridoplegia.  In  this  con- 
dition one  pupil  reacts  to  accommodation,  but  not  to  light,  while  the 
pupil  in  the  fellow  eye  responds  normally.  It  is  probably  the  result 
of  a  lesion  in  the  nucleus  of  the  sphincter  of  the  iris. 

Paralytic  myosis  is  seen  in  general  paralysis  of  the  insane,  in  mye- 
litis of  the  cervical  portion  of  the  cord,  in  paralysis  of  the  cervical 
sympathetic  from  pressure,  in  bulbar  palsy  in  association  with  pro- 
gressive muscular  atrophy,  in  sclerosis  of  the  brain  and  spinal  cord, 
and  in  some  forms  of  multiple  neuritis. 

_  Mydriasis  (dilatation  of  the  pupil).  This  may  be  the  result  of 
either  irritation  or  paralysis  of  the  centre  or  fibres  governing  pupillary 
activity. 

Spastic  mydriasis  occurs  in  hypertemia  and  irritation  of  the  cervical 
portion  of  the  sympathetic,  in  tumors  of  the  cord  and  brain  (although 
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rarely);  in  tabes  dorsalis;  in  certain  forms  of  intestinal  irritation, 
especially  intestinal  tumors;  in  ansemia;  in  psychical  excitement,  for 
example,  fear,  surprise,  acute  mania,  melancholia,  and  progressive 
paralysis  of  the  insane.  In  this  latter  disease  the  mydriasis  is  fre- 
quently unilateral  and  is  associated  with  myosis  in  the  other  eye. 

In  spastic  mydriasis  the  pupil  is  moderately  dilated,  contracts 
slightly  to  light  and  convergence,  and  does  not  dilate  to  sensory 
stimuli.  Mydriatics  dilate  the  pupil  ad  maximum,  but  myotics  exert 
but  little  action  upon  it. 

Paralytic  mydriasis,  or,  as  it  is  sometimes  called,  iridoplegia,  is 
caused  by  paralysis  of  the  fibres  of  the  oculomotor  nerve,  the  branches 
which  innervate  both  the  intrinsic  muscles  of  the  eye — i.  e.,  the  sphinc- 
ter pupilliB  and  the  ciliary  muscle — being  usually  affected.  It  may  be 
the  result  of  paralysis  of  the  nucleus  of  this  nerve  in  the  pons,  or 
from  failure  of  the  stimulus  to  be  conducted  from  the  retina  to  that 
centre.  The  pupil  is  moderately  dilated,  reacting  to  sensory  stimuli 
and  to  light  and  on  convergence,  according  to  the  seat  of  the  lesion. 
Thus  if  the  lesion  be  between  the  iris  and  the  pupil-contracting  centre, 
there  is  no  reaction,  either  direct  or  consensual  ;  but  if  the  lesion  lie 
between  the  retina  and  the  pupil-contracting  centre,  the  pupil  will 
not  contract  directly  to  light,  although  it  will  consensually  and  on  ~ 
convergence.  Mydriatics  dilate  the  pupil  ad  maximum,  but  myotics 
contract  it  but  moderately. 

Paralytic  mydriasis  occurs  in  diseased  processes  at  the  base  of  the 
brain,  involving  the  centre  of  the  third  nerve ;  in  affections  of  the  orbit 
which  exert  pressure  on  the  ciliary  nerves;  in  cerebral  processes 
attended  with  marked  increase  in  the  pressure  within  the  skull,  such 
as  tumors,  hemorrhages,  and  abscesses,  and  in  the  advanced  stages 
of  thrombosis  of  the  cavernous  sinus;  in  progressive  paralysis;  the 
later  stages  of  meningo-encephalitis,  and  acute  dementia.  Macewen 
is  authority  for  the  statement  that  hemorrhage  into  the  centrum 
ovale  and  cerebral  peduncles  also  produces  mydriasis. 

Ophthalmoplegia  interna  is  the  name  given  to  the  dilatation  or 
partial  dilatation  of  the  pupil  associated  with  a  failure  to  contract 
under  stimulus;  loss  of  accommodation  accompanies  it.  The  condi- 
tion indicates  a  nuclear  lesion.  Transient  mydriasis  affecting  first 
one  eye  and  then  the  other,  is  generally  regarded  as  prodromal  of 
insanity. 

It  may  be  stated  as  a  general  rule,  that  dilatation  of  the  pupil 
when  observed  in  connection  with  a  cerebral  lesion  indicates  an  ex- 
tensive lesion  of  the  brain;  and,  when  it  is  of  spinal  origin,  irrita- 
tion of  the  part  affected.  Mydriasis  is  commonly  observed  in  glau- 
coma. When  mydriasis  is  due  to  a  failure  in  transmission  of  the 
light  stimulus  to  the  pupil-contracting  centre  and  nerves,  pupillary 
activity  occurs  only  on  convergence.  The  mydriasis  which  accom- 
panies optic  atrophy  is  the  type  of  this  class. 

The  dilatation  of  the  pupil  which  is  observed  in  complete  blindness 
(amaurosis)  should  not  be  considered  as  a  disorder  in  the  mobility  of 
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the  iris,  but  should  rather  be  regarded  as  a  physiological  inhibition  of 
the  pupillary  reflex  due  to  the  withdrawal  of  the  perception  of  light. 

The  hemianopic  pupillary  inaction  sign  {Weryiicke's).  By  means 
of  this  sign  it  is  sometimes  possible  to  determine  in  certain  cases  of 
half-blindness  whether  the  seat  of  the  lesion  is  situated  anterior  or 
posterior  to  the  corpora  quadrigemina.  (Fig.  9.)  This  test  depends 
upon  the  fact  that  the  visual  fibres  in  the  optic  nerve  join  the  fibres 
of  the  third  nerve,  which  control  the  sphincter  pupillse  at  the  corpora 
quadrigemina.  If  the  lesion  be  posterior  to  this  point  of  junction— e., 
back  of  the  corpora,  in  the  occipital  cortex— there  will  be  no  inter- 
ference with  the  pupillary  reflex.  Should,  however,  the  lesion  be 
situated  anterior  to  the  corpora,  the  reflex  arc  of  pupillary  activity 
will  be  broken,  and  an  irregularity  in  the  pupillary  contraction  will 
manifest  itself.  The  hemianopic  pupillary  inaction  test  is  performed 
best  by  placing  the  patient  in  a  dark  room,  with  a  single  source  of 


Illustrating  the  test  for  hemianopic  pupillary  inaction  ;  the  lines  represent  a  horizontal  plane 
through  the  left  eye  and  its  visual  fluid.  F  0.  Fundus  oculi.  M.  Macula  lutea.  N.  Nasal 
half  of  the  field,  which  is  ansesthetic  in  temporal  hemianopsia.  T.  Temporal  half  of  retina.  TF. 
Temporal  field.  P.  Pupillary  aperture.  180°  to  0°,  the  equatorial  arc  or  semicircle.  90°.  vertical 
point  and  line  passing  through  centre  of  eye  to  M.  70°  and  40°,  rays  of  light  striking  the  insensitive 
nasal  half  of  the  retina,  producing  no  pupillary  reflex.  (Sequin.) 


illumination  back  of  him,  the  eye  not  under  examination  being  closely 
bandaged,  and  the  patient  being  directed  to  look  into  the  distance.  An 
assistant  should  then  moderately  illumine  the  eye  by  directing  light 
upon  it  by  a  plane  mirror,  while  the  examiner  turns  a  narrow  beam 
of  light,  reflected  from  the  concave  mirror  of  his  ophthalmoscope, 
upon  the  diff"erent  parts  of  the  retina,  and  closely  observes  the  eflfect 
upon  the  movements  of  the  iris. 

The  cerebral  cortex  reflex  of  the  pupil,  or  Haab's  reflex,  is  the  con- 
traction, of  the  pupils  in  both  eyes  which  occurs  without  change  of 
accommodation  or  convergence  when  the  subject,  seated  in  a  dark 
room,  directs  his  attention  to  some  bright  object  within  his  field  of 


Fig.  9. 
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vision,  the  amount  of  contraction  being  proportionate  to  the  bright- 
ness of  the  object. 

The  orbicularis  pupillary  reaction,  which  is  used  to  determine  a 
possible  paralysis  of  the  sphincter  of  the  pupil,  is  a  contraction  of 
the  pupil  which  occurs  upon  forced  closure  of  the  lids.  Gifford,  the 
discoverer  of  this  reaction,  believes  this  contraction  to  be  an  over- 
flow stimulus  which  is  excited  in  the  nuclei  of  the  orbicularis  fibres 
of  the  facial  nerve,  and  conveyed  thence  to  the  pupil-contracting 
centre.  It  is  believed  that  when  trigeminal  anesthesia  is  associated 
with  reflex  pupillary  immobility  it  may  be  ascribed  to  a  lesion  of  the 
spinal  root  of  the  fifth  nerve. 

Paradoxical  pupillary  reaction  refers  to  the  condition  said  to  be 
observed  at  times  in  meningitis,  when  the  pupil  dilates  upon  exposure 
to  light,  and  contracts  upon  its  withdrawal. 

The  Light  Sense.  In  order  to  test  the  power  possessed  by  the 
retina  and  the  visual  centre  of  appreciating  variations  in  the  inten- 
sity of  the  source  of  illumination,  an  instrument  is  employed  which 


Ftn.  10. 


Photometer  of  Forster.  (Fuchs.) 


is  known  as  a  photometer.  (Fig.  10.)  This  consists  of  a  square  box  in 
which  are  placed  black  lines  equal  to  certain  standard  letters  when 
seen  at  one-third  of  a  metre  from  the  eye.  These  lines  are  illuminated 
by  a  standard  candle,  the  degree  of  light  being  regulated  by  a  window, 
the  size  of  which  may  be  varied.  The  patient  is  first  made  to  look  into 
the  apparatus  with  the  window  closed.  The  window  is  then  slowly 
opened  and  the  lines  illuminated.  As  soon  as  the  lines  are  recog- 
nized the  size  of  the  opening  requisite  for  this  purpose  is  noted,  and  if 
it  be  found  that  an  opening  more  than  2  mm.  square  has  been  required, 
a  subnormal  light  sense  is  present.  Before  making  this  test,  it  is  neces- 
sary that  the  subject  under  examination  should  remain  in  a  dark  room 
for  at  least  ten  minutes,  in  order  to  adapt  the  retina  to  the  absence  of 
light.  The  study  of  the  diminution  of  the  light  sense  is  of  great  value 
in  certain  diseases  of  the  retina,  when  lowering  of  its  acuteness  out  of 
proportion  to  the  visual  acuity  is  of  great  significance. 

The  light  sense  of  the  periphery  of  the  retina  may  be  tested  by 
passing  a  candle  flame  affixed  to  the  arc  of  a  perimeter  through  the 
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different  meridians  in  front  of  the  eye,  while  a  second  candle  is  em- 
ployed as  a  point  of  fixation.  (Vide  Field  of  Vision.)  Holden's  test  for 
this  purpose,  consists  in  ascertaining  the  points  on  the  perimeter  at 
which  a  series  of  test  objects  is  perceived.  To  detect  disturbances 
in  the  intermediate  and  central  zones  of  the  field,  he  employs  a  card 
with  a  1  mm.  black  point  on  one  side  and  a  15  mm.  quadrant  of  light 
gray,  having  four-fifths  of  the  intensity  of  the  white,  on  the  other. 
With  a  perimeter  of  30  cm.  radius  the  black  point  and  gray  patch  are 
each  seen  by  the  normal  eye :  outward  45  degrees,  upward  30  degrees, 
inward  35  degrees,  downward  35  degrees.  To  detect  peripheral  de- 
fects, he  employs  a  second  card,  which  has  a  3  mm.  black  point  on  one 
side,  and  a  darker  gray  patch  having  three-fifths  the  intensity  of 
white  on  the  other.  Each  should  be  seen  on  the  perimeter  at  the  fol- 
lowing points:  outward  70  degrees,  upward  45  degrees,  inward  55 
degrees,  and  downward  55  degrees. 

Tension.  As  the  degree  of  tension  or  intra-ocular  resistance  is  liable 
to  vary  in  many  diseased  conditions,  it  is  essential  that  this  be  ascer- 
tained in  every  case. 

Clinically  it  is  not  possible  to  ascertain  directly  the  intra-opular 
pressure,  but  a  suHiciently  accurate  estimate  may  be  made  of  it  by 
registering  the  tension  of  the  eyes  as  felt  with  the  fingers  through 
the  upper  lid.  To  do  this,  it  is  best  to  employ  the  two  index  fingers, 
the  other  fingers  being  spread  out  on  the  temple  and  brow  to  afford 
the  hands  support.  The  patient  is  directed  to  look  down,  and  slight 
pressure  is  made  on  the  globe  alternately  with  the  two  fingers.  The 
degree  of  tension  depends  not  only  upon  the  intra-ocular  pressure, 
but  also  to  a  slight  extent  on  the  elasticity  of  the  sclerotic,  which 
varies  with  age,  and  also  with  the  individual.  It  is  important,  there- 
fore, in  estimating  whether  the  tension  of  the  eye  is  greater  or  less 
than  normal,  always  to  compare  it  with  that  of  the  fellow  eye,  pre- 
suming that  it  is  unaltered. 

The  different  degrees  of  tension  are  noted  as  follows: 

T.  N.  Normal  tension. 

T.  full.  Slightly  more  than  the  average  normal  tension. 

T.      1.  A  slight  but  decided  increase  above  the  normal  tension. 

T.  +  2.  More  marked  increase  of  tension,  but  where  the  fingers  can 
still  slightly  impress  the  globe. 

T.  -f  3.  Increase  of  tension  so  marked  tliat  no  impress  can  be 
made  on  the  globe. 

Diminished  tension  in  the  same  way  is  recorded  as  of  three  degrees : 
T.  —  1,  T.  —  2,  T.  —  3. 

Several  different  instruments  have  been  invented  for  recording  the 
tension  nf  the  eye,  called  tonometers.  None  of  them  is  of  sufficient 
practical  use  to  need  description  here. 
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THE  OPHTHALMOSCOPE.' 

The  student  having  acquainted  himself  with  the  appearance  of  the 
exterior  of  the  eye  and  as  much  of  the  interior  as  may  be  learned  by 
lateral  illumination  is  now  prepared  to  complete  the  examination, 
by  exploring  minutely  the  interior  of  the  eye. 

On  account  of  certain  optical  lesions,  such  an  examination  cannot 
be  made  by  the  naked  eye,  and  the  student  will  have  to  call  to  his 
aid  a  device  which  will  overcome  these  and  remove  the  hinderances 
which  oppose  his  view  into  the  eye.  Although  the  principles  of  such 
a  device  were  suggested  and  nearly  attained  by  a  number  of  early 
scientists,  the  honor  of  perfecting  and  elaborating  them  into  an  instru- 
ment belongs  to  Helmholtz.  This  distinguished  physicist  invented  the 
ophthahno scope  in  1851,  and  by  this  instrument  solved  the  problem  of 
simultaneously  illmiiinating  and  viewing  the  interior  of  the  eye ;  and 
although  the  instrument  employed  by  him  was  crude  and  inefficient 
in  many  ways,  it  comprised  all  of  the  optical  principles  of  the  later- 
day  ophthalmoscope. 

The  discovery  of  this  instrument  immediately  opened  a  new  field 
not  only  in  the  study  of  ophthalmology,  but  in  that  of  clinical  medi- 
cine as  well.  Conditions  which  were  described  by  the  older  writers 
under  the  names  of  amaurosis  and  black  cataract,  terms  used  to 
designate  all  forms  of  blindness  the  cause  of  which  was  not  apparent 
from  an  examination  of  the  anterior  segment  of  the  eye,  were 
resolved  into  various  diseases  of  the  optic  nerve,  retina,  and  choroid. 
It  was  found,  furthermore,  that  systemic  disorders  quite  remote  from 
the  eye,  such  as  affections  of  the  kidney,  heart,  and  brain,  often  pre- 
sented their  first  manifestations  in  the  hidden  tunics  of  the  eye.  Upon 
this  account  no  routine  examination  of  the  eye  can  be  considered  to 
be  properly  performed  until  the  ophthalmoscope  has  been  employed, 
nor  is  a  clinician  justified  in  rendering  a  diagnosis  in  many  cases 
until  he  is  aware  of  the  intra-ocular  condition.  It  should  he 
remembered  that  by  no  other  means  is  it  possible  to  see  a  living 
nerve  head  and  to  study  the  complete  vascular  cycle  in  an  organ,  of 
the  entrance  of  its  arterial  and  the  exit  of  its  venous  blood. 

Like  most  instruments  of  a  similar  nature,  its  use  presupposes 
a  certain  amount  of  practice,  and  the  student  will  succeed  in  acquir- 
ing ability  to  use  the  ophthalmoscope  only  after  the  exercise  of 
considerable  patience  and  endeavor.  One  approaching  its  study  should 
not  easily  be  discouraged,  nor  should  he  expect  to  become  expert  in 
its  use  in  a  few  weeks'  time;  he  should  sedulously  cultivate  every 
opportunity  that  presents  itself  to  examine  the  interiors  of  healthy 
eyes,  for  it  is  only  by  a  knowledge  of  the  physiological  that  pathologi- 
cal conditions  may  be  recognized.  Artificial  eyes,  such  as  Perrin's, 
are  of  decided  value  when  it  is  impossible  to  obtain  natural  eyes  for 

>  The  optical  principles  involved  In  ophthalmoscopy,  the  theory  of  the  ophthalmoscope,  and  the 
determination  of  the  refraction  of  the  eye  by  it  will  be  considered  in  the  chapter  on  Eefraotion, 
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study,  or  a  rabbit's  eye  may  be  utilized.  In  order  that  the  student 
may  be  taught  accuracy,  and  may  appreciate  fully  the  nature  of  the 
changes  which  the  ophthalmoscope  reveals  to  him,  it  is  advisable  for 
him  to  sketch  what  he  sees ;  for  while  but  few  persons  possess  suffi- 
cient skill  to  make  an  artistic  drawing  of  the  findings  of  the  ophthal- 
moscope, nearly  everyone  may  produce  a  schematic  representation 
of  them,  especially  if  he  employs  a  sketch-book  such  as  has  been 
devised  by  Haab. 

The  writer  knows  of  no  objection  to  the  student's  making  his  first 
trials  with  the  ophthalmoscope  upon  eyes  the  pupils  of  which  have 
been  artificially  dilated.  The  employment  of  the  instrument  is  greatly 
facilitated  thereby,  and  the  fact  that  he  has  once  seen  the  fundus  will 
enable  the  beginner  to  proceed  with  more  confidence  upon  eyes  the 
pupils  of  which  ai-e  undilated  than  he  who  has  never  experienced 
the  sensation  of  actually  viewing  the  head  of  the  optic  nerve  and  the 
retinal  vessels.  To  avoid  any  possible  accident  resulting  from  the 
employment  of  mydriatics,  individuals  under  forty  years  of  age 
should  be  chosen,  and  eyes  which  are  free  from  external  signs  of 
disease.  Homatropine  in  weak  solution  (4  grs.  ad.  f.^j)  is  a  con- 
venient drug  to  employ  for  this  purpose,  as  it  produces  a  dilatation 
of  the  pupil  in  thirty  nunutes,  and  its  effects  are  very  evanescent,  and 
may  be  rendered  still  more  so  by  the  instillation  of  a  few  drops  of  a 
solution  of  eserine  (eserine  sulph.,  gr.  ss;  aq.  dest.,  fSj)  at  the  com- 
pletion of  the  examination. 

Although  not  essential,  unless  the  student  have  markedly  defective 
eyes,  it  is  desirable,  to  avoid  errors  in  the  estimation  of  the  refraction 
and  to  obtain  the  clearest  image  of  the  fundus  possible,  that  he  have 
the  refraction  of  his  own  eyes  estimated  and  corrected,  if  needs  be,  by 
glasses  before  attempting  ophthalmoscopic  work. 

Method  of  Ophthalmoscopic  Examination.  [Note.  Since  the  prin- 
ciples which  govern  ophthalmoscopy  are  not  described  until  the 
next  chapter,  it  will  be  supposed,  to  avoid  ambiguity,  that  both  the 
eyes  of  the  surgeon  and  those  of  the  patient  are  of  normal  refraction.] 

The  Instrument.  The  most  essential  part  of  an  ophthalmoscope  is 
a  mirror  with  a  central  perforation,  as  it  is  necessary  that  the  light 
should  be  reflected  into  the  eye  and  an  opportunity  afforded  the 
observer  to  gain  a  view  of  its  interior  at  the  same  time.  There  should 
be  two  mirrors  on  every  instrument :  a  plane  one  to  detect  opacities 
in  the  media  and  slight  changes  in  the  color  of  the  eye-ground,  and 
a  concave  one  of  about  30  cm.  focal  distance,  for  ordinary  examination. 
In  addition  to  the  mirrors,  every  ophthalmoscope  should  be  provided 
with  a  series  of  lenses  to  neutralize  the  refraction  of  the  eye,  in  order 
to  obtain  a  sharp  and  distinct  view  of  the  details  of  the  background 
of  eyes  of  abnormal  refraction. 

While  there  are  a  host  of  ophthalmoscopes  employed  throughout 
the  world,  the  most  popular  in  the  United  States  and  the  United 
Kingdom  are  the  Loring  and  the  Morton  ophthalmoscopes,  respec- 
tively.   Both  of  these  instruments  exhibit  to  a  marked  degree  the 
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most  essential  features  in  an  ophthalmoscope,  viz. :  largeness  of  field 
of  view,  proper  illumination,  and  the  ability  to  bring  a  variety  of 
lenses  before  the  sight-hole  in  the  mirror,  without  the  necessity  of 
removing  the  instrument  from  the  eye.  Wlien  properly  manufac- 
tured, either  of  these  instruments  should  last  the  average  ophthal- 
mologist a  lifetime. 

The  Loring  Ophthalmoscope.  As  shown  in  Fig.  11,  the  Loring 
ophthalmoscope  is  provided  with  a  concave  mirror,  parallelogram 
in  shape,  with  a  central  perforation  from  3^  to  4_  mm.  in  diam- 
eter. The  mirror  is  so  hung  upon  the  frame  that  it  may  be  tilted 
20  degrees  to  the  right  or  to  the  left.    For  the  purpose  of  focusing 


Fig.  11. 


Loring's  ophthalmoscope. 

the  rays  upon  the  fundus  in  the  event  that  the  formation  of  the 
eye  is  abnormal,  and  secondarily  to  obtain  the  degree  of  refraction 
error  of  the  eye,  the  instrument  is  provided  with  a  series  of  lenses 
which  may  be  rotated  behind  the  sight-hole  in  the  mirror._  These 
lenses  are  contained  upon  a  full  disk  and  a  quadrant  of  a  disk,  and 
range  from  the  weakest  convex  and  concave  spherical  lenses  to  those 
of  a  strength  sufficient  to  neutralize  the  highest  ocular  defects. 

The  Morion  Ophlhalvioscope.  (Fig.  12.)  In  this  instrument  the 
lenses  are  set  in  a  cylinder  in  the  form  of  an  endless  chain,  and  are  pro- 
pelled by  a  strong  driving-wheel.  The  instrument  is  provided  with 
three  mirrors— one  plane  and  two  concave,  one  of  10  inches  focus  and 
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a  smaller  one  of  3  inches  focus.  The  two  first,  which  are  set  back  to 
back  in  one  mounting  and  are  reversible,  are  for  indirect  examination 
and  retinoscopy;  the  smaller  concave  one  is  for  the  direct  method. 
Quite  recently  a  stationary  oiDhthalmoscope  has  been  introduced  by 
Thorner  (Fig.  13),  which,  although  too  large  to  be  manipulated  by  the 
hand,  and  consequently  valueless  in  ordinary  routine  work,  affords 
an  unequalled  opportunity  of  viewing  the  fundus  without  annoying 


Fig.  12. 


The  Morton  ophthalmoscope. 


reflexes  under  brilliant  illumination  and  high  magnification,  and  with- 
out the  necessity  of  relaxation  of  the  observer's  accommodation. 
By  an  arrangement  of  prisms  it  is  possible  for  the  teacher  to  adjust 
the  instrument  for  the  student,  and  to  demonstrate  the  changes  in 
the  fundus  by  viewing  them  simultaneously  with  him. 

Examination  by  Transmitted  Light.  Before  proceeding  to  the  ex- 
amination of  the  details  of  the  background  of  the  eye  by  either 
the  direct  or  the  indirect  method,  the  student  should  first  acquaint 
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himself  with  as  much  as  may  be  learned  by  simply  throwing  the 
light  of  the  ophthalmoscopic  mirror  into  the  eye  at  a  distance 
of  from  30  to  40  cm.    For  the  proper  performance  of  this  test,  as 


Fig.  13. 


The  Thorner  ophthalmoscope. 

well  as  for  the  methods  of  ophthalmoscopic  examination  to  be  pres- 
ently mentioned,  the  patient  should  be  seated  in  a  darkened  room, 
with  a  light  placed  a  little  behind  the  head  and  to  the  side  of  the  eye 
under  examination  and  upon  a  line  with  the  ear.    An  Argand  burner 


Fig.  14. 


Incanat'sceiu  coil  for  ophlhiUmosuopy, 

may  be  employed,  or  a  closely  woven  incandescent  coil  (Fig.  14) 
placed  in  a  bracket  which  should  bo  capable  of  being  moved  in  all  direc- 
tions.  An  old-fashioned  oil  lamp  with  a  broad  flame  gives  an  excellent 
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light,  and  daylight  may  be  employed  by  permitting  the  rays  to  gain 
entrance  into  the  room  through  a  narrow  slit  in  a  blind  or  shutter. 
Sunlight  is  to  be  preferred  when  it  is  desirable  to  study  changes  in 
the  fundus  as  nearly  as  possible  in  their  natural  color,  as  in  anaemia. 

If  the  patient  be  bedridden,  it  is  frequently  necessary  to  resort  to  a 
candle  as  a  source  of  illumination,  and  the  observer  may  be  compelled 
to  make  the  examination  in  a  constrained  posture.  Such  examina- 
tions are  apt  to  be  unsatisfactory,  but  the  student  should  never 
desist  nor  allow  himself  to  become  discouraged  until  he  has  satisfied 
himself  that  he  has  accomplished  all  that  was  possible  under  the  cir- 
cumstances. In  the  performance  of  all  ordinar}'^  tests  with  the  oph- 
thalmoscope, the  observer  should  be  on  a  slightly  higher  level  than  the 
patient,  and  both  he  and  the  patient  should  be  comfortably  seated; 
the  custom  which  prevails  in  some  places  of  the  surgeon  standing 
and  bending  over  the  patient's  eye  is  deprecated  as  tending  to 
favor  hurried  and  superficial  examinations.  In  examining  children's 
eyes  the  patience  and  ingenuity  of  the  observer  will  often  be  taxed 
before  a  satisfactory  view  of  the  fundus  can  be  obtained,  and  a  third 
person  is  often  necessary  to  attract  the  gaze  of  the  child  from  the 
mirror  toward  some  distant  object. 

In  examination  with  transmitted  light,  the  student,  with  the  large 
concave  mirror  of  tlie  ophtlialnioscope  held  close  to  his  eye,  throws 
the  light  upon  the  eye  untler  observation,  the  patient  being  instructed 
to  direct  his  gaze  in  front  of  him. 

A  faint  jjinkish-red  glow  will  be  seen  to  replace  the  blackness  of 
the  pupil.  This  is  known  as  the  fundus  reflex,  and  is  occasioned  by 
the  reflection  of  light  from  some  part  of  the  illuminated  interior  of 
the  eye.  \\\{h  the  light  from  the  mirror  still  concentrated  upon  the 
pujjil,  the  student  should  now  tilt  the  mirror  in  different  directions 
and  note  the  character  and  the  direction  of  the  movements  of  the 
shadow  which  will  be  seen  to  travel  over  the  eye,  thus  obtaining  an 
idea  of  the  refraction.  The  patient  may  then  be  requested  to  rotate 
his  eye  through  the  different  meridians,  and  following  this  the  student 
should  move  his  own  head  from  side  to  side  and  back  and  forth,  the 
better  to  obtain  the  reflex  from  all  parts  of  the  eye.  The  mobility  of 
the  iris  should  be  tested  by  throwing  the  light  upon  the  pupil,  and 
the  perceptive  power  of  the  entire  retina  ascertained  by  reflecting 
the  light  from  different  angles  upon  all  parts  of  that  membrane. 

By  the  use  of  the  mirror  it  is  also  possible  to  determine  the  flxation 
'point.  This  is  done  by  observing  the  corneal  reflex.  This  method, 
attention  to  which  was  called  by  Priestley  Smith,  is  practised  in  the 
following  way:  the  patient  is  told  to  look  at  the  mirror;  the  light  is 
then  thrown  upon  one  of  the  patient's  eyes,  and  the  exact  position  of 
the  light  reflex  upon  the  surface  of  the  cornea  noted;  the  student 
then  quickly  turns  the  light  to  the  other  eye  and  compares  the  posi- 
tion of  the  corneal  light  reflex  in  the  two  eyes.  The  corneal  reflex 
generally  appears  a  little  nearer  the  inner  than  the  outer  edge  of  the 
pupil,  as  the  visual  axis  usually  lies  to  the  inner  side  of  the  axis  of 
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the  cornea.  If  both  eyes  be  properly  directed,  the  position  of  the 
corneal  reflex  will  be  symmetrical  in  the  two  eyes;  but  if  one  eye 
deviates,  the  reflex  will  be  displaced.  In  this  way  imperfect  fixation 
in  strabismus  will  be  readily  detected. 

By  transmitted  light  alone,  the  presence  of  opacities  in  the  media 
may  be  diagnosed;  these  appearing  like  dark  shadows  in  the  red 
background,  because  the  rays  of  light  as  they  return  from  the  eye- 
ground  are  arrested  by  the  opaque  spots  in  the  media,  just  as  all 
objects  which  do  not  transmit  light  appear  dark  when  seen  in  front 
of  a  luminous  surface.  As  they  often  are  seen  best  with  feeble 
illumination,  it  is  well  to  substitute  the  plane  mirror  for  the  concave 
in  searching  for  them.  With  a  view  to  examining  the  media  more 
closely,  and  to  ascertain  more  definitely  the  character  and  position  of 
any  opacities,  the  student  should  now  rotate  a  high  convex  spherical 
lens  before  the  sight-hole  in  the  ophthalmoscope  and  approach  the 
eye  until  he  is  within  the  focal  distance  of  the  lens.    For  this  purpose, 


Fig.  15. 


Diagnosis  of  the  site  of  an  opacity  from  parallactic  displacement.  (Fuchs.) 


the  Morton  ophthalmoscope  is  provided  with  a  lens  of  5  cm.  focal 
length  (+20  D.),  the  Loring  with  one  of  6.25  cm.  (-f  16  D.).  Under 
this  high  magnification  any  foreign  body  or  opacity  which  may  have 
been  overlooked  usually  becomes  visible.  To  determine  the  exact 
location  of  opacities  is  often  difficult,  and  careful  observation  is  re- 
quired to  state  definitely  whether  they  be  in  the  cornea,  in  the  anterior 
portion  of  the  lens,  in  the  posterior  portion  of  the  lens,  or  in  the  an- 
terior portion  of  the  vitreous.  It  may,  however,  be  stated  as  a 
general  rule,  that  stationary  opacities  are  in  the  cornea  and  lens,  and 
that  opacities  in  the  vitreous,  although  at  times  fixed,  are  usually 
floating.  It  is  frequently  possible  also  to  determine  the  location  of  an 
opacity  by  comparing  its  position  with  other  structures  in  the  eye  in 
the  same  plane,  as,  for  example,  the  conjunctiva  and  the  limbus  in  cases 
of  opacity  of  the  cornea,  and  the  iris  with  the  anterior  part  of  the  lens. 

A  very  accurate,  and  at  the  same  time  a  very  simple  mode  of  loca- 
ting the  position  of  an  opacity  is  by  means  of  the  parallactic  displace- 
ment  of  the  opacity  with  reference  to  the  margin  of  the  pupil.  In 
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Fig.  15,  1,  2,  3,  4  represent  four  opaque  points  in  the  optical  axis 
of  the  eye,  situated  in  the  cornea,  upon  the  anterior  capsule  of 
the  lens,  at  the  posterior  pole  of  the  lens,  and  in  the  anterior  part  of 
the  vitreous,  respectively.  When  the  observer  is  stationed  at  B,  all 
four  points  will  be  merged,  and  he  will  see  but  one.  Should,  however, 
he  move  to  B,  then  the  position  of  these  points  in  relation  to  the 
pupil  will  be  changed.  Thus,  2  will  remain  fixed,  while  1  approaches 
the  upper,  and  3  and  4  the  lower  part  of  the  pupil,  4  the  more  so. 
In  the  application  of  this  test,  the  observer  notes  the  position  of  the 
opacity  by  looking  directly  into  the  eye  along  its  optical  axis.  He 
now  slowly  moves  his  head  to  one  side.  If  the  spot  remains  immobile, 
it  is  situated  in  the  plane  of  the  pupil.  If  it  moves  in  a  direction 
opposed  to  that  of  the  observer's  eye,  the  opacity  is  situated 
anterior  to  the  pupillary  plane.  If  the  motion  is  in  the  same  direc- 
tion, then  the  opacity  is  situated  in  the  deeper  part  of  the  lens  or 
in  the  anterior  portion  of  the  vitreous. 

Having  completed  this  preliminary  study  of  the  media  with  the 
mirror  and  by  the  use  of  the  high  magnifying  lens,  the  student  should 
now  rotate  the  disk  upon  the  ophthalmoscope  until  the  sight-hole  of 
the  instrument  is  once  more  unobstructed  by  a  lens,  and  should  then 
proceed  to  an  examination  of  the  eye-ground  itself.  For  this  purpose 
lie  has  the  choice  of  two  methotls,  the  direct  and  the  indirect;  though 
the  beginner  will  do  well  to  familiarize  himself  with  both  in  all  cases. 

Indirect  Method.  In  the  application  of  this  method,  the  student 
stations  himself  in  a  position  corresponding  exactly  to  that  assumed 
in  the  test  by  transmitted  light,  at  a  distance  of  about  30  cm.,  and 
throws  the  light  into  the  eye  under  examination  by  the  concave 
mirror  of  the  ophthalmoscope.  As  has  just  been  described,  the  red 
reflex  of  the  fundus  will  at  once  become  visible;  but  unless  the  eye  be 
highly  nearsighted,  nothing  more  will  be  observed  unless  a  convex 
lens  of  about  5  cm.  focus  be  interposed  before  the  eye  and  held 
at  its  focal  distance.  If  this  be  done,  an  inverted  image  of  the  eye- 
ground  is  obtained,  which  will  be  seen  between  the  lens  and  the 
student's  eye.  Some  difficulty  is  usually  found  by  the  beginner  in 
accomplishing  this,  on  account  of  reflections  from  the  surface  of  the 
lens  and  the  cornea,  and  his  tendency  to  accommodate  either  for  the 
eye  or  the  auxiliary  lens.  The  reflections  may  be  overcome  by  gently 
tilting  the  lens  from  side  to  side,  by  bearing  in  mind  also  that  the 
image  of  the  fundus  is  an  aerial  one,  and  by  making  an  attempt  to 
adjust  the  eyes,  both  being  kept  open,  upon  a  point  between  his  own 
eye  and  the  lens;  the  latter  difficulty  may  be  dispelled  also,  and  he 
will  avoid  the  natural  tendency  to  accommodation.  In  examining  the 
eye,  the  student  should  apply  his  right  eye  to  the  sight-hole  _m  the 
mirror,  the  instrument  being  grasped  by  the  right  hand  wMle  the 
auxiliary  lens  is  held  in  the  left.  It  is  advisable  to  steady  the  hand 
which  holds  the  auxiliary  lens  by  resting  the  tip  of  the  little  or  ring 
finger  upon  the  patient's  brow,  and  to  utilize  one  of  these  fingers  to 
raise  the  upper  lid  when  it  is  desirable  to  examine  the  lower  part 
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of  the  eye,  or  if  the  lid  is  covering  the  pupil,  as  is  frequently  the 
case  in  inflamed  eyes. 

If  the  right  eye  is  under  examination,  in  order  to  bring  the  head 
of  the  optic  nerve  into  view  the  patient  should  be  told  to  direct  his 
gaze  at  the  raised  little  finger  of  the  observer's  right  hand  as  it  grasps 
the  tip  of  the  handle  of  the  ophthalmoscope.  When  the  left  eye  is 
being  examined,  he  should  look  at  the  observer's  left  ear. 

The  indirect  method  is  to  be  preferred  when  it  is  desirable  to  obtain 
a  general  view  of  the  fundus  and  in  eyes  with  hazy  media  or  in  high 
myopia,  as  the  image  obtained  by  it  is  more  luminous  than  that  from 


Fig.  16. 


I  i 


The  indirect  method  of  ophthalmoscopic  examination. 

the  direct  method.  By  this  method  the  image  of  the  fundus  is  mag- 
nified about  five  diameters,  ten  diameters  less  than  by  the  direct 
method,  but  greater  magnification  may  be  obtained  of  the  aerial 
image  by  rotating  a  +  S  4  D.  lens  before  the  sight-hole  of  the  ophthal- 
moscopic mirror. 

It  should  be  remembered  that  the  image  in  the  indirect  method  is 
an  inverted  one,  and  that,  therefore,  the  upper  part  of  the  iniage  cor- 
responds to  the  lower  part  of  the  eye-ground,  and  the  right  side  of  the 
image  to  the  left  of  the  eye-ground.  It  is  extremely  useful  in 
examining  patients  in  a  recumbent  posture,  and  is  very  valuable  in 
examining  the  eyes  of  children,  as  it  is  often  impossible  to  obtain  a 
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view  of  the  fundus  in  this  class  of  cases  by  the  direct  method,  on 
account  of  the  impossibility  of  Iceeping  them  quiet. 

On  account  of  its  greater  magnifying  power,  the  direct  method  is 
to  be  preferred  for  the  recognition  of  fine  details  in  the  fundus,  and 
it  possesses  the  further  advantage  over  the  indirect  in  that  it  is  pos- 
sible to  estimate  the  refraction  of  the  eye  by  it. 

The  Direct  Method.  In  the  application  of  this  method  the  student 
approaches  as  closely  to  the  face  of  the  patient  as  is  possible  until  the 
ophthalmoscope  is  brought  within  one  inch  of  the  patient's  eye.  The 
instrument  should  be  grasped  with  the  right  hand  when  the  right 


Fig.  17. 


The  direct  method  of  ophthalmoscopic  examination. 

eye  is  being  examined ;  but  when  the  left  eye  is  under  examination, 
the  hand  as  well  as  the  position  of  the  light  should  be,  changed. 
The  student  should  aim  to  keep  the  pupil  steadily  illuminated,  and 
should  endeavor  to  keep  the  small  circular  shadow  which  occupies 
the  centre  of  the  glare  thrown  by  the  mirror,  and  which  represents 
the  sight-hole  of  the  ophthalmoscope,  directly  in  the  centre  of  the 
pupih  This  he  will  find  greatly  facilitated  by  the  practice  he  has 
acquired  in  the  observation  of  the  eye  by  transmitted  light  and 
in  the  indirect  method.  The  red  reflex  of  the  fundus  should  at 
once  become  plainly  visible ;  but,  as  a  rule,  nothing  more,  the  details 
of  the  fundus  being  still  hidden  from  view.    This  may  be  due  to 


PLATE  ri. 

FIG.  1. 


Normal  Eye-ground  (Average  Tint). 


FIG.  2. 


Normal  Eye-ground  (Brunette). 
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reflections  from  the  cornea  and  lens,  which  are  especially  disturbing 
in  those  with  deeply  pigmented  irides  and  small  pupils,  or  to  an 
active  accommodation  in  either  the  surgeon's  or  the  patient's  eye. 
To  decrease  these  reflections,  the  mirror  should  be  moved  almost  im- 
perceptibly from  side  to  side  until  a  spot  is  found  where  the  reflections 
seem  to  disappear.  For  optical  reasons  which  will  be  explained  in 
the  next  chapter,  it  is  necessary,  in  order  to  see  the  details  of  the 
fundus  clearly,  that  the  accommodation  in  both  the  observed  and  the 
observing  eye  should  be  relaxed.  This  is  accomplished  in'the  patient's 
eye  by  having  him  look  into  the  distance  in  a  darkened  room.  Prac- 
tice alone,  however,  will  enable  the  student  to  lose  the  desire  to 
accommodate,  which  has  been  natural  to  him  in  regarding  all  near 
objects  hitherto,  and  to  view  the  interior  of  the  eye  situated  but  an 
inch  or  so  from  him  as  though  it  were  a  far-away  object.  He  will 
find  that  relaxation  of  the  accommodation  will  be  facilitated  greatly 
by  keeping  both  eyes  open,  and  this  should  be  practised  during  the 
entire  test,  for  while  the  images  formed  upon  the  unemployed  eye 
will  at  first  be  confusing,  he  will  soon  accustom  himself  to  ignore 
them. 

The  student  should  now  search  for  the  head  of  the  optic  nerve,  as 
this  is  the  most  prominent  feature  in  the  fundus.  To  bring  this  into 
view,  he  should  request  the  patient  to  direct  his  gaze  slightly  toward 
the  left  when  the  right  eye  is  being  examined,  and  vice  versa  for  the 
left  eye.  If  he  now  looks  closely,  he  will  observe  that  the  glare  from 
the  fundus  is  not  uniformly  red,  but  that  it  contains  a  disk  of  color 
which  is  yellowish  white.  This  whitish  reflex  should  be  kept  steadily 
in  view,  and  as  his  accommodation  relaxes  he  will  find  that  the  whitish 
disk  resolves  itself  into  an  oval  body  yellowish  "white  in  color,  forming 
a  strong  contrast  to 'the  reddish  color  of  its  surroundings.  This  is 
the  head  of  the- optic  nerve.  If  the  nerve  does  not  come  into  view, 
one  of  the  retinal  vessels  frequently  will,  and  this  should  be  followed 
up  until  the  nerve  is  reached,  the  avenue  of  entrance  and  exit  of  the 
retinal  circulation. 

Let  no  one  fancy,  however,  that  the  interior  of  the  eye  reveals 
itself  at  the  first  attempt  of  the  beginner,  nor  let  him  be  discouraged 
on  that  account;  for  usually  much  persistence  and  no  little  pains  will 
be  demanded  of  him  before  he  accomplishes  his  purpose.  It  is  not 
desirable  at  first  for  the  student  to  try  to  discover  the  lens  in  the 
ophthalmoscope  with  which  he  sees  the  details  of  the  fundus  best,  for 
this  is  only  possible  after  much  practice  and  after  he  has  learned  to 
relax  his  accommodation  thoroughly.  For  determination  of  the 
refraction  by  the  direct  method,  vide  page  118.       .    '  ■ 

The  Normal  Eye-ground.  (Plate  II.)  On  account' iof  the  many 
variations  in  the -normai'-ieye-ground,  the  beginner  is' urged  to  famil- 
iarize himself  with  the  appearance  of  many  fundi  which  arc  known 
to  be  healthy,  to  prevent  confounding  physiological  changes  with 
pathological  ones.  lie  will  find  the  study  of  children's  eyes  especially 
well  adapted  for  this  purpose,  as  their  pupils  are  likely  to  be  larger 
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and  the  refracting  media  clearer  than  in  older  people,  and,  as  a  rule, 
they  submit  more  willingly  to  the  irksome  routine  of  *^^he  examination. 

The  most  prominent  feature  in  the  back  part  of  the  eye,  or  the 
fundus,  is  the  head  of  the  optic  nerve,  the  optic  disk,  or,  as  it  is  often 
called,  by  reason  of  its  slight  elevation  in  some  cases  beyond  the  sur- 
rounding retina,  iJie  optic  papilla.  Reddish  yellow  in  color,  with 
the  retinal  vessels  tapering  from  it,  it  forms  a  striking  contrast  with 
the  uniform  reddish  coloration  of  the  rest  of  the  fundus.  Although 
the  general  appearance  of  the  nerve  is  reddish  yellow,  close  inspec- 
tion will  reveal  that  its  nasal  portion  is  slightly  darker  than 
the  temporal,  and  that  a  whitish  circle  occupies  the  central  or 
tempoi-al  portion  of  the  nerve.  This  whitish  circle  represents  an 
excavation  or  cup  in  the  nerve,  and  is  occasioned  by  the  separa- 
tion of  the  nerve  fibres  by  the  entrance  of  the  retinal  vessels  into 
the  eye.    (Fig.  18.)  This  cup  is  usually  funnel-shaped,  but  varies 


greatly  in  size  and  position  as  well  as  in  configuration.  It  may  be 
but  a  small  depression  marking  the  entrance  of  the  bloodvessels,  or 
it  may  embrace  the  greater  part  of  the  head  of  the  nerve.  At  the 
bottom  of  the  excavation  the  lamina  cribrosa  is  seen  as  a  whitish 
plate  studded  with  grayish-black  spots,  the  points  of  entrance  of 
the  nerve  fibres. 

Although  the  disk  is  in  reality  but  1.5  mm.  in  diameter,  it  appears 
quite  large  by  the  direct  method,  and  as  it  is  the  only  portion  of  the 
fundus  which  has  a  fixed  form,  it  is  used  as  a  landmark  to  note  the 
size  and  the  position  of  changes  in  the  fundus,  as,  for  example,  a 
hemorrhage  is  noted  as  being  in  the  retina  two  disk  diameters  above 
the  disk 

Surrounding  the  optic  nerve  are  two  rings  of  more  or  less  complete- 
ness: the  innermost,  a  whitish  circle,  the  scleral  ring,  and  bordering 
upon  this  a  pigmented  ring,  the  choroidal  ring,  as  seen  in  the 


Fig.  18. 


Physiological  examination.  (Szn,i.) 
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accompanying  illustration  (Fig.  19),  which  is  taken  from  Fuchs.  The 
scleral  ring  is  the  result  of  a  larger  opening  in  the  choroid  than 


Fig.  19. 


Head  of  the  optic  nerve.  A.  Ophtbalmoscopic  view.  Somewhat  to  the  inner  side  of  the  centre  of 
the  papilla  the  central  artery  rises  from  below,  and  to  the  temporal  side  of  it  rises  the  central  vein. 
To  the  temporal  side  of  the  latter  lies  the  small  physiological  excavation  with  gray  stippling  of  the 
lamina  cribrosa.  The  papilla  is  encircled  by  the  light  scleral  ring  (between  c  and  d)  and  the  dark 
choroidal  ring  at  d.  B.  Longitudinal  section  through  the  head  of  the  optic  nerve.  Magnified  14  x  1. 
The  trunk  of  the  nerve  up  to  the  lamina  cribrosa  of  medullated  nerve  fibres,  n.  The  clear  inter- 
spaces, se,  separating  them  coirespond  to  the  septa  composed  of  connective  tissue.  The  nerve  trunk 
is  enveloped  by  the  sheath  of  pia  mater,  p,  the  arachnoid  sheath,  ar,  and  the  sheath  of  dura  mater, 
du.  There  is  a  free  interspace  remaining  between  the  sheaths,  consisting  of  the  subdural  space,  sd, 
and  the  subarachnoid  space,  sa.  Both  spaces  have  a  blind  ending  in  the  sclera  at  e.  The  sheath  of 
dura  mater  passes  into  the  external  layers,  8a,  of  the  sclera,  the  sheath  of  pia  mater  into  the  internal 
layers,  si,  which  latter  extend  as  the  lamina  cribrosa  transversely  across  the  course  of  the  optic 
nerve.  The  nerve  is  represented  in  front  of  the  lamina  as  of  light  color,  because  here  it  consists  of 
non-medullated  and  hence  transparent  nerve  fibres.  The  optic  nerve  spreads  out  upon  the  retina,  r, 
in  such  a  way  that  at  its  centre  there  is  produced  a  funnel-shaped  depression,  the  vascular  funnel, 
6,  on  whose  inner  wall  the  central  artery,  a,  and  the  central  vein,  v,  ascend.  The  choroid,  ch,  shows 
a  transverse  section  of  its  numerous  bloodvessels,  and  toward  the  retina  a  dark  line,  the  pigment 
epithelium ;  next  the  margin  of  the  foramen  for  the  optic  nerve  and  corresponding  to  the  situation 
of  the  choroidal  ring  the  choroid  is  more  darkly  pigmented,  ci  is  a  posterior  short  ciliary  artery 
which  reaches  the  choroid  through  the  sclera.  The  posterior  portion  of  the  scleral  canal  forms  a 
funnel  directed  backward,  the  anterior  portion  a  funnel  directed  forward.  The  wall  of  the  anterior 
funnel  when  seen  in  front  appears  to  have  the  extent,  ed,  and  corresponds  to  the  scleral  ring  visible 
by  the  ophthalmoscope.  (Fuchs.) 


the  sclera,  to  permit  of  the  entrance  of  the  optic  nerve  into  the  eye, 
as  a  consequence  of  which  a  portion  of  the  sclera  is  exposed.  The 
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choroidal  ring  is  formed  by  the  heaping  up  of  pigment  where  the 
choroid  adjoins  the  optic  nerve. 

The  vessels  of  the  retina  (Fig.  20)  consist  of  a  main  arterial  and  a 
venous  stem,  the  central  artery  and  vem  of  the  retina,  which  divide, 
directly  after  they  have  emerged  from  the  nasal  side  of  the  excavation 
upon  the  head  of  the  nerve,  into  two  main  branches,  the  superior  and 
inferior.  These  further  subdivide  several  disk  diameters  distant  from 
the  disk  into  the  superior  and  mferior  temporal  and  the  nasal  branches, 
respectively,  and  still  further  subdivide  into  smaller  branches ;  these 
branches  never  anastomose.  {Vide  page  418.)  The  macular  region 
is  supplied  by  small  twigs  from  the  superior  and  mferior  temporal 
branches,  and  often  by  two  small  twigs  directly  off  the  parent  stem 


Fig.  20. 


Distribution  of  retinal  vessels.  (Jaeger.) 


on  the  disk,  the  superior  and  inferior  macular  arteries;  larger  vas- 
cular stems  never  invade  its  territory.  The  arteries  are  smaller  and 
straighter  than  the  veins,  and  are  yellowish  red,  while  the  veins  are 
purplish.  Both  have  a  light  streak  along  the  centre  of  each,  which  is 
fainter  upon  the  veins,  the  reflex  streak.  The  veins  usually  accom- 
pany the  arteries,  and  have  the  same  distribution  and  name.  It  is 
usual  for  a  distinct  pulse  to  occur  in  the  veins  upon  the  head  of  the 
nerve.  Pulsation  in  the  arteries,  however,  is  always  pathological. 
The  retinal  vessels  frequently  present  great  variations,  both  in  distribu- 
tion and  characteristics,  and  the  observer  Avill  often  be  puzzled  to 
decide  whether  such  variations  fall  within  physiological  limits.  The 
two  most  striking  variations  are  an  artery,  which  is  occasionally  seen, 
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and  which  arises  in  the  choroid  and  runs  inward  toward  the  disk,  then 
taking  a  general  direction  toward  the  macula,  and  a  cilio-reiinal  vessel. 
(Fig.  21.)  Optico-ciliary  vessel  is  the  name  given  to  a  branch  of  the 
central  vein  or  artery  which  disappears  at  the  edge  of  the  disk. 

The  student  should  acquire  the  habit  of  observing  the  retinal 
bloodvessels  with  great  care,  for  their  condition  is  frequently  indic- 
ative of  the  condition  of  the  bloodvessels  elsewhere  throughout 
the  system ;  and  on  account  of  the  ability  actually  to  view  the  blood 
column  itself,  an  exceptional  opportunity  is  afforded  him  of  diag- 
nosing pathological  conditions  of  the  blood. 

The  reddish  apjDearance  of  the  fundus  surrounding  the  optic  nerve 
is  due  chiefly  to  the  blood  in  the  choroidal  capillaries,  although  the 
retinal  circulation  is  also  a  slight  factor.  Of  more  influence  in  affect- 
ing the  general  coloration  of  the  fundus  is  the  pigment  in  the  retina, 
according  as  it  is  present  in  greater  or  lesser  quantity.  Thus  in 
brunettes,  in  whom  there  is  an  abundance  of  pigment,  the  general  tone 


Fig.  21. 


Cilio-retinal  artery.  From  the  outer  and  lower  margin  of  the  papilla  rises  a  cilio-retinal  artery, 
a,  making  a  hook-like  bend.  In  this  case  it  is  larger  than  usual,  because  it  is  destined  to  replace 
the  main  infero-extemal  (inferior  temporal  branch)  of  the  central  artery,  which  branch  is  wanting. 
(FncHS.) 

is  deep  red  or  even  slate  color  in  pronounced  cases.  In  blondes  it 
is  often  a  delicate  pink,  and,  owing  to  the  absence  of  pigment  in  the 
retina  and  choroid,  the  entire  circulation  of  the  choroid,  which  is 
quite  obscure  in  brunette  eyes,  is  laid  bare  to  the  gaze.  Albinism 
presents  this  to  an  extreme  degree,  the  red  choroidal  vessels  being 
seen  to  course  over  the  white  background  that  is  formed  by  the  sclera. 
(Fig.  22.)  Although  the  retina  in  health  is  transparent  at  times,  espe- 
cially in  children,  it  is  so  rich  in  connective  tissue  that  a  striated, 
grayish  appearance  is  given  to  the  fundus,  especially  in  the  neigh- 
borhood of  the  disk.  These  reflexes  frequently  accompany  the  vessels, 
and  are  so  prominent  that  they  give  the  retina  a  watered-silk  appear- 
ance. They  are  usually  more  marked  around  the  yellow  spot  and 
occasion  the  halo  which  surrounds  that  area. 

A  number  of  small  shining  bright  dots  are  sometimes  seen  in  the 
retina  anterior  to  the  retinal  vessels ;  they  were  called  by  Marcus  Gunn, 
who  first  described  them,  "creek  dots."    They  are  only  visible  by  the 
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direct  method,  arid  are  not  easily  seen.  Their  nature  is  not  known; 
they  may  occur  in  several  members  of  a  family,  and  are  often 
hereditary. 

The  macula,  the  region  of  greatest  importance  of  the  retina,  reveals 
itself  only  after  some  difficulty  upon  the  part  of  the  ophthalmologist, 
as  it  has  no  characteristic  sufficiently  striking  to  delineate  it.  It  is  an 
oval  area,  with  the  long  axis  horizontal,  is  more  deeply  pigmented 
than  the  surrounding  fundus,  and  is  avascular.  From  its  centre  a 
bright  reflex  is  emitted,  the  fovea  centralis. 


Fig.  22. 


Ophthalmoscopic  representation  of  the  eye-ground  of  an  albino.  (Jaeger.) 

To  examine  tliis  region  when  the  pupil  is  undilated,  the  ophthal- 
moscope should  be  slowly  moved  upward  and  inward,  while  the 
observer  brings  his  Ime  of  vision  to  a  point  about  two  to  two-and-a- 
Jialf  disk  diameters  outward  from  the  tUsk.  When  the  pupil  is  cUlated, 
the  macula  may  be  seen  by  having  the  patient  gaze  dii-ectly  into  the 
sight-hole  of  the  ophthalmoscopic  mirror.  The  -periphery  of  the  eye- 
ground  should  also  be  carefully  studied;  and  in  order  that  no  part  of 
it  may  escape,  it  is  well  for  the  student  to  follow  each  branch  of  the 
central  artery  of  the  retina  as  far  forward  as  is  jDossible. 


CHAPTER  II. 


THE  PHYSIOLOGY  OF  VISION. 
By  WILLIAM  NORWOOD  SUTER,  M.D. 

Vision  is  the  mental  interpretation  of  an  impulse  conducted  from 
the  rods  and  cones  of  the  retina  through  the  optic  nerves  and  tracts 
to  the  visual  areas  of  the  brain.  These  areas  are  situated  in  the  cuneal 
and  occipital  lobes  at  the  internal  and  posterior  region  of  each  hemi- 
sphere. As  to  the  manner  in  which  the  physical  impulse  is  trans- 
formed into  vision,  we  have  no  loiowledge,  as  we  have  not  of  any 
other  kind  of  perception. 

The  visual  impulse  normally  results  from  the  action  of  light  on  the 
rods  and  cones.  This  action  is,  in  part  at  least,  chemical,  the  visual 
purple  of  the  retina  being  changed  into  a  colorless  substance. 

Artificial  (electrical)  stimulation  of  the  optic  nerve  or  of  the  visual 
areas  causes  only  the  sensation  of  light  (illumination)  as  distinguished 
from  darkness.  For  the  distinction  of  objects  by  the  visual  sense,  it 
is  requisite  that  the  object  be  reproduced  in  an  image  on  the  retina,, 
thus  stimulating  only  such  rods  and  cones  as  are  covered  by  the  image. 
In  this  way  a  mental  picture  is  realized  corresponding  to  the  image 
deUneated  on  the  retina.  Thus  the  question  of  the  physiology  of 
vision  resolves  itself  largely  into  an  investigation  of  the  laws  of  light^ 
in  adaptation  to  which  the  eye  is  constructed. 

OPTICS. 

Light  is  a  form  of  energy  capable  of  giving  rise  to  vision,  but 
capable,  also,  under  suitable  conditions,  of  being  transformed  into 
other  kind  of  energy. 

That  branch  of  science  which  treats  of  the  laws  of  light  is  called 
optics.  Optics  deals  not  only  with  light  in  its  relation  to  the  organ 
of  vision;  it  investigates  the  laws  wliich  govern  light-energy,  irre- 
spective of  the  eye — the  organ  by  which  alone  the  phenomena  of  Ught 
are  manifested  to  our  consciousness.  It  behooves  us  to  consider  here, 
however,  only  so  much  of  the  subject  of  optics  as  will  afford  a  correct 
understanding  of  the  formation  of  the  retinal  image. 

A  body  whose  constitution  is  such  as  to  produce  hght-energy — to 
emit  light — is  said  to  be  self-luminous.  Such  a  body  emits  light  in 
all  directions  and  in  rhythmical  impulses  or  waves. 

Since  we  cannot  conceive  that  light  or  any  other  form  of  energy 
may  traverse  space  without  the  intervention  of  a  medium,  it  is  neces- 
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sary  to  assume  the  existence  of  an  all-pervading  substance,  called 
ether,  by  means  of  which  light-vibrations  are  transmitted. 

The  velocity  of  light  through  space  is,  as  demonstrated  by  astro- 
nomical observations,  about  300,000,000  metres  (186,000  miles)  per 
second. 

A  luminous  body  does  not  ordinarily  emit  a  single  wave,  but  a  num- 
ber of  waves  of  different  length  and  rapidity  of  vibration.  Only  those 
waves  within  certain  limits  of  periodicity  (from  394  million  millions  to 
763  million  millions  of  vibrations  per  second)  affect  the  eye  as  vision. 

Color  depends  upon  the  wave-length  and  rapidity  of  vibration  The 
wave  of  greatest  length  and  least  rapidity  gives  rise  to  the  sensation 
of  red ;  that  of  least  length  and  greatest  rapidity  gives  the  sensation 
of  violet.  Between  these  limits  are  comprised  all  light-waves,  which 
produce  the  colors  of  the  rainbow  or  spectrum.  Ordinary  white  light 
is  composed  of  all  these  waves  acting  upon  the  retina  in  unison. 

It  is  not  dehiiitely  known  how  color-sensations  are  produced;  but 
according  to  the  Young-Helmholtz  theory  (the  commonly  accepted 


one)  there  are  three  sets  of  rods  and  cones,  each  set  being  affected  by 
waves  of  certain  lengths  only.  These  groups  of  waves  correspond  to 
the  three  primary  colors,  red,  green,  and  blue.  By  the  combined 
effect  in  varying  proportion  upon  the  retina  of  these  three  elements 
all  color-sensations  are  produced. 

A  substance  which  permits  the  passage  of  light  is  called  a  medium 
or  a  transparent  body.  One  which  does  not  permit  the  passage  of  light 
is  said  to  be  opaque. 

When  light  meets  an  opaque  body,  it  is  either  reflected  back  into  the 
medium  from  which  it  came,  or  it  is  absorbed— converted  into  other 
form  of  energy. 

If  the  medium  surrounding  a  luminous  point  is  homogeneous,  the 
light  emitted  from  this  point  will  travel  equally  in  all  directions  and 
the  wave-front  will  be  spherical.    (Fig.  23.) 

A  small  portion  of  this  wave  (BOB),  such  as  might  enter  an  eye, 
is  called  a  pencil.  An  infinitesimal  pencil  is  called  a  roy.  Thus, 
mathematically,  a  ray  is  a  straight  line  {B  0)  perpendicular  to  the 
wave-front. 


Fig.  28. 
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In  the  study  of  optics  it  is  often  convenient  to  regard  light  as  com- 
posed of  rays  proceeding  in  every  direction  from  a  luminous  point; 
and  we  may  with  propriety  make  this  assumption,  provided  we  do  so 
with  the  understanding  that  it  does  not  represent  the  true  mode  of 
transmission. 

Every  point  of  a  luminous  body  emits  light,  hence  there  proceeds 
from  a  body  of  appreciable  size  a  great  number  of  waves  whose  paths 
■cross  each  other  in  various  directions.  We  must  assume,  therefore, 
that  many  waves  may  traverse  the  same  medium  at  the  same  time, 
each  wave-disturbance  being  superposed  upon  that  of  the  other,  a 
principle  with  which  we  are  familiar  in  the  superposition  of  motions. 

Formation  of  Images.  In  order  that  an  object  may  be  reproduced 
in  an  image,  it  is  essential  that  light  from  any  point  of  the  object  shall 
reach  a  corresponding  point  on  the  intercepting  screen,  and  that  light 
from  all  other  parts  of  the  object  shall  be  excluded  from  this  point. 
The  simplest  way  in  which  this  can  be  accomplished  is  illustrated  in 
Fig.  24.    S  S  represents  an  opaque  diaphragm  in  which  there  is  a 

Fig.  24. 
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minute  opening,  0.  Light  from  A  passes  through  the  opening  and 
falls  upon  the  screen  at  A,.  Light  from  other  parts  of  A  5  cannot 
reach  A,.  Hence  at  A,  the  luminous  point  A  is  reproduced;  so  for 
every  other  point  of  A  B,  and  A^  By  is  an  inverted  image  of  A  B. 
The  objection  to  this  device  is  that  the  opening  must  be  so  minute 
-as  to  allow  the  passage  of  a  single  ray,  or  at  least  of  a  very  small 
pencil  from  each  point  of  the  object;  consequently  the  image  is  very 
feebly  illuminated. 

Refraction.  In  the  eye  and  in  other  optical  apparatus  greater 
illumination  is  secured  and  the  apparatus  made  more  sensitive  by  re- 
fraction of  the  pencils.  By  this  means,  larger  pencils  are  concentrated 
to  a  point  in  the  image. 

It  is  found  that  the  velocity  of  light  is  less  in  dense  than  in  rare 
substances.  The  effect  which  this  retardation  has  upon  rays  is  illus- 
trated in  Fig.  25,  in  which  BOB  represents  a  section  of  a  spherical 
wave  meeting  a  denser  medium  in  the  plane  S  S.  That  part  of  the 
wave  which  travels  along  0  A  meets  the  surface  sooner  than  that 
which  travels  along  0  B;  hence  when  the  former  traverses  the  distance 
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A  H  m  the  dense  medium,  the  latter  traverses  the  greater  distance 
B  S,  in  the  rare  medium.  In  this  way  the  wave-front  is  flattened  so 
that  the  centre  of  the  wave  is  now  situated  at  S  H  S  being  the 
wave-front,  the  rays  are  represented  by  lines  drawn  perpendicular  to 
the  arc  S  H  S,  as  /  S  and  /  H.  The  direction  of  all  the  rays  is 
changed  except  that  of  0  A,  which  is  perpendicular  to  the  surface. 
All  other  rays  are  said  to  be  refracted.  The  degree  of  refraction  de- 
pends upon  the  obliquity  with  which  the  rays  meet  the  surface  and 


Fig.  25. 
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the  relative  retardation  of  light  by  the  second  medium.  The  latter  is 
called  the  relative  refractive  index  for  the  two  substances.  When  the 
first  medium  is  a  vacuum  (ether)  the  relative  index  becomes  the  abso- 
lute index.  The  velocity  of  hght  in  vacuo  being  regarded  as  unity, 
the  absolute  index  of  water  is  1.33,  that  of  spectacle  glass  is 
about  1.52,  and  that  of  air  is  1.0003,  and,  being  so  nearly  identical 
with  that  of  ether,  it  is  regarded  as  unity. 


I  

  F 

Fig.  26. 
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Refraction  at  Curved  Surfaces.  What  has  been  illustrated  as  occur- 
ring at  a  plane  surface  occurs  similarly  at  a  curved  surface.  Fig.  26 
illustrates  the  passage  of  a  wave  from  a  rarer  to  a  denser  medium  at 
a  convex  surface.  In  this  case  the  flattening  of  the  wave  is  greater 
than  it  would  be  as  affected  by  a  plane  surface ;  but,  as  with  the  plane 
surface,  the  pencil  is  still  divergent  after  the  refraction.  With  greater 
convexity  or  refractive  index  the  flattening  may  be  such  that  the  wave 
is  plane  after  refraction,  as  illustrated  in  Fig.  27;  the  refracted  rays 
are  parallel. 


•  We  assume  for  the  present  that  the  refracted  wave-front  Is  spherical,  and  that  the  refracted  rays 
all  proceed  from  the  same  point,  I;  we  shall  learn  later  that  this  assumption  is  permissible  only  when 
a  small  portion  or  pencil  of  the  wave  Is  considered. 
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Thirdly,  as  illustrated  in  Fig.  28,  the  retardation  may  be  so  great 
that  after  refraction  the  rays  converge  to  a  point,  /,  which  is  the  focus 
of  the  refracted  pencil.  This  focus  is  illuminated  by  all  the  rays  of 
the  pencil  S  0  S;  it  is  consequently  a  bright  point  corresponding  to 
the  bright  point  0,  from  which  the  pencil  proceeds.  /  is  the  image  of 
0,  and  the  two  points  are  called  conjugate  foci  with  respect  to  each 
other. 

In  Fig.  26  light  from  0  appears  after  refraction  to  come  from  /  ; 
0  and  /  are,  as  in  Fig.  28,  conjugate  foci,  but  in  this  case  /  is  not  an 


Fig.  27. 


illuminated  point.  It  is  called  an  imaginary  or  virtual  focus,  in  contra- 
distinction to  the  real  focus  /  in  Fig.  28. 

The  distances  0  A  and  /  A  are  called  conjugate  focal  distances  ; 
the  line  0  I,  on  which  the  distances  are  measured,  is  called  the  axis. 

In  Fig.  27  the  rays  are  parallel  to  the  axis  after  refraction,  that  is, 
mathematically  they  intersect  the  axis  at  infinity.  The  point  F,  so 
situated  that  the  rays  are  parallel  after  refraction,  is  called  the  prin- 
cipal focus. 

Relative  Positions  of  Conjugate  Foci.  If  we  examine  mathemati- 
cally the  relation  between  conjugate  foci,  we  find  that  when  0  is 

Fig.  28. 


situated  nearer  the  refracting  surface  than  the  principal  focus  the 
conjugate  focus  /  is  virtual;  it  lies  on  the  same  side  of  the  surface  as 
0.    (Fig.  26.) 

When  0  is  more  remote  from  the  surface  than  the  principal_  focus, 
the  conjugate  /  lies  on  the  opposite  side  of  the  surface,  and  is  real. 
(Fig.  28.) 

As  the  point  0  recedes  from  the  surface  the  conjugate  on  the  oppo- 
site side  approaches  the  surface,  and  when  the  distance  0  A  becomes 
infinite,  that  is,  when  ihe  incident  wave  beccjmos  plane  (the  rays 
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parallel),  the  refracted  wave  converges  to  the  point  F'  (Fig.  29), 
which  is  the  posterior  principal  focus,  in  contradistinction  to  F 
(Fig.  28),  which  is  the  anterior  principal  focus.  Ra3's  proceeding  from 
the  anterior  principal  focus  are  parallel  after  refraction,  and  rays  which 
are  parallel  before  refraction  converge  to  the  posterior  principal  focus. 


FlQ.  29. 


Fourthly,  the  point  0  may  lie  to  the  right  of  the  surface,  that  is, 
the  wave  is  already  converging  to  this  virtual  focus  before  refraction. 
In  this  case  /  lies  on  the  same  side  of  the  surface  as  0  and  nearer  to 
the  surface.    (Fig.  30.) 


Fig.  30. 
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Collective  Refraction.    In  the  condition  illustrated  in  Fig.  26  the 

divergence  of  the  pencil  is  tliminished  by  the  refraction  ;  in  that  illus- 
trated in  Fig.  27  the  divergence  is  neutralized ;  in  the  condition  illus- 
trated in  Fig.  28  the  divergence  is  more  than  neutralized,  the  wave  is 
rendered  convergent,  and  in  the  fourth  condition  the  convergence  of 
the  already  converging  pencil  is  increased.  Hence  the  refraction 
which  occurs  when  light  passes  from  a  rarer  to  a  denser  medium  at  a 
convex  surface  is  collective  or  convergent} 

It  is  evident  that  we  may  reverse  the  course  of  light  in  these  illus- 
trations, that  is,  we  may  regard  /  as  the  focus  before  refraction,  and  0 
as  the  conjugate  after  refraction.  Hence  these  diagrams  serve  equally 
well  to  illustrate  refraction  which  takes  place  when  light  passes  from 
a  den.9er  to  a  rarer  medium  at  a  concave  surface.  Such  refraction  is 
therefore  collective. 

Dispersive  Refraction.  It  would  be  superfluous  to  illustrate 
here  the  refraction  which  occurs  when  light  passes  from  a  rarer  to  a 
denser  medium  at  a  concave  surface,  or,  its  equivalent,  that  at  a  cpn- 

'  An  exception  to  this  occurs :  (1)  when  the  incident  wave  is  directed  toward  the  centre  of  the  sur- 
fiice;  all  the  rays  then  being  perpendicular  to  the  surface  there  will  be  no  refraction  ;  and  (2)  when 
the  wave  is  converging  to  a  point  to  the  left  of  C,  that  if,  to  a  point  nearer  the  surface  than  the  centre, 
in  which  case  the  divergence  of  the  pencil  will  be  increased— conditions  which  do  not  arise  in  ocular 
refracllon. 
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vex  surface  when  light  passes  from  a  denser  to  a  rarer  medium.  It 
is  apparent  that  the  effect  of  such  refraction  is  opposite  to  that  which 
has  been  illustrated,  that  is,  the  divergence  of  the  pencil  will  be 
increased  by  such  refraction.  This  is  called  dispersive  refraction. 
A  pencil  of  light  diverging  from  a  point,  being  rendered  still  more 
divergent  by  dispersive  refraction,  can  never  be  united  by  such  in  a 
real  focus. 

Formation  of  Images  by  Collective  Refraction.  The  formation  of 
images  by  refraction  is  illustrated  in  Fig.  31.  All  rays  of  the  pencil 
diverging  from  0^  are  concentrated  at  the  conjugate  focus  /,.  No 
light  from  other  parts  of  the  object  0  0^  can  reach  /,,  but  each  point 
Ijdng  between  0  and  0^  has  a  corresponding  conjugate  lying  between  / 
and  /j/  hence  /     is  the  image  of  0  Oi. 

We  have  learned  that  in  collective  refraction  there  will  be  a  real 
focus  conjugate  to  any  point  (0,)  when  this  point  is  further  from  the 
surface  than  the  first  principal  focus;  hence  there  will  be  a  real  and 
an  inverted  image  of  0  0^  whenever  the  distance  A  0  (or  Ay  0,,  for 
0  Oy  and  /  are  really  arcs  of  circles  whose  radii  are  C  0  and  C  I) 
is  greater  than  the  principal  focal  distance  A  F. 


Fig.  31. 


Cardinal  Points.  It  is  apparent  that  any  ray,  as  0^  which  passes 
through  the  centre  of  curvature  of  the  refracting  surface  undergoes  no 
refraction.  From  this  property  the  point  C  is  called  the  nodal  point; 
and  any  ray  (Oy  /,)  passing  through  this  point  is  called  a  secondary 
axis,  in  contradistinction  to  the  primary  or  principal  axis  0  I.  The 
point  A,  where  the  surface  intersects  the  principal  axis,  is  called  the 
principal  point.  These  two — the  nodal  and  principal  points — together 
with  the  two  principal  foci  constitute  the  cardinal  points  of  the  re- 
fraction. 

If,  as  has  been  done  in  the  figure,  the  diagram  be  so  drawn  that  the 
incident  ray  0,  Si,  and  the  refracted  ray  S  /,,  are  each  parallel  to 
the  axis  0  I,  it  is  evident  that  in  so  doing  we  have  a  means  of 
determining  the  position  of  the  principal  foci  F  and  F' .  Conversely, 
if  we  know  the  position  of  these  foci  and  of  the  other  two  cardinal 
points,  we  may  by  the  same  geometrical  construction  ascertain  the 
position  and  the  size  of  the  image  (/  /,)  of  an  object,  0  0,. 

The  Aphakic  Eye.  Since  it  is  requisite  for  vision  that  a  real  image 
of  the  object  viewed  be  formed  on  the  retina,  it  is  apparent  that  the 
eye  must  be  so  constructed  as  to  constitute  a  collective  refractive 
apparatus.    The  simplest  device  of  this  kind  is  that  of  a  single  surface, 
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just  illustrated.  The  first  medium  is  the  air,  through  which  light  from 
external  objects  is  normally  conducted  to  the  eye.  The  refracting 
surface  is  the  anterior  surface  of  the  cornea,  a  convex  surface  sepa- 
rating the  air  from  the  denser  interior  substance  of  the  eye,  namely, 
the  cornea,  the  aqueous  humor,  and  the  vitreous  body,  the  refractive 
index  of  all  these  media  being  practicall}'-  identical.^  This  is  the 
condition  of  the  eye  deprived  of  its  crystalline  lens — the  aphakic  eye. 
Such  an  eye,  provided  it  has  sufficient  length,  fulfils  the  require- 
ments of  nature  except  in  one  respect:  it  has  no  means  of  adapting 
itself  to  different  distances.  We  have  learned  (p.  57)  that  the  nearer 
the  object  is  to  the  refracting  surface  the  further  does  the  image  on 
the  opposite  side  of  the  surface  recede  from  the  surface.  Hence  if 
the  retina  is  at  such  a  distance  from  the  cornea  that  distant  objects 
are  clearly  focused  on  the  layer  of  rods  and  cones,  the  conjugate  focus 
for  near  objects  must  fall  behind  the  retina.  The  rays  of  light  in 
this  case  being  intercepted  by  the  retina  before  they  are  united  in  a 
focus,  objects  so  seen  must  appear  indistinct.  In  the  physiological 
eye,  adjustment  to  different  distances  is  accomplished  by  the  crystalline 
lens,  which  is  capable,  within  certain  limits,  of  undergoing  increase  of 
curvature  to  meet  the  requirements  of  correct  focusing. 

Lens-refraction.  A  lens  is  defined  as  a  portion  of  transparent  sub- 
stance bounded  by  one  plane  and  one  curved  surface,  or  by  two  curved 
surfaces,  both  centred  on  the  same  axis. 


rio.  3:. 


1  2  3         4  5  6 


Lenses  are  classified  according  to  the  form  of  curvature :  as  spherical, 
cylindrical,  toric,  elliptical,  paraboloidal,  etc.  Although  lenses  of  the 
latter  kinds  of  curvature  have  been  made,  the  circle  is  the  basis  of 
curvature  in  practical  lens  construction,  that  is,  artificial  lenses  are 
either  spherical,  cylindrical,  or  toric.  Spherical  lenses  have  the  same  cur- 
vature, and  consequently  the  same  refracting  power  in  all  meridians; 
cylindrical  lenses  have  a  circular  curvature  in  the  meridian  at  right 
angles  to  the  axis  of  the  cylinder,  but  no  curvature  in  the  direction  of 
this  axis;  toric  lenses  lie  between  spherical  and  cyUndrical  lenses,  that 
is,  they  have  circular  curvature  in  each  of  the  two  meridians  indicated 

'  In  reality  the  index  of  the  cornea  is  considerably  greater  than  that  of  the  aqueous,  and  a  diver- 
gent action  is  exerted  by  the  refraction  at  the  posterior  corneal  surface  ;  but  owing  to  the  extreme 
thinness  of  the  cornea,  this  refraction  may  be  disregarded  without  material  error,  provided  we  assign 
to  the  cornea  the  lower  index  of  the  aqueous. 
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(the  principal  meridians),  but  the  curvature  is  greater  in  one  than  in 
the  other  meridian.^ 

Lenses  are  classified  also  in  respect  of  curvature,  as:  1,  plano-convex; 
2,  hi-convex;  3  and  4,  concavo-convex;  5,  plano-concave;  and  6,  bi- 
concave (Fig.  32). 

Artificial  lenses  are  made  usually  of  glass  and  are  surrounded  by- 
air;  and  since  the  refractive  index  of  glass  is  greater  than  that  of  air, 
it  is  apparent  that  plano-convex  and  bi-convex  lenses  are  collective 
in  action,  that  plano-concave  and  bi-concave  lenses  are  dispersive,  and 
that  concavo-convex  lenses  are  collective  (3,  Fig.  32)  or  dispersive 
(4,  Fig.  32)  according  as  the  convex  or  the  concave  refraction  is 
greater.^  In  the  former  case  the  concavo-convex  lens  is  called  a  con- 
verging meniscus,  and  in  the  latter  a  diverging  meniscus.  Menisci  are 
called  also  periscopic  lenses. 

The  formation  of  a  real  image  by  a  collective  lens  is  illustrated  in 
Fig.  33.  As  in  collective  refraction  by  a  single  surface,  a  real  image 
is  formed  when  the  first  conjugate  focal  distance  is  greater  than  the 
principal  focal  distance.    As  the  distance  of  the  object  increases  the 

Fig.  33. 
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conjugate  focus  moves  nearer  to  the  lens,  and  when  the  object  is 
situated  so  far  that  the  rays  may  be  regarded  as  parallel,  the  image 
will  be  formed  at  the  posterior  focus,  F' .  When  the  rays  are  already 
convergent  before  entering  the  lens,  the  image  will  lie  between  the  lens 
and  the  posterior  principal  focus.  When  the  object  is  situated  at  the 
anterior  focus  ¥ ,  the  rays  will  be  parallel  after  passing  through  the 
lens,  and  no  image  will  be  formed.  AVhen  the  object  is  within  the 
anterior  principal  focus,  the  rays  after  passing  through  the  lens  will 
appear  to  come  from  a  virtual  focus — the  image  will  be  virtual. 

Since  a  dispersive  lens  increases  the  divergence  of  pencils,  it  is  ap- 
parent that  a  real  image  can  be  formed  after  refraction  by  such  a 
lens  only  when  the  rays  have  received,  by  previous  or  subsequent 
collective  refraction,  a  convergence  greater  than  the  divergent  action 
of  the  dispersive  lens.  The  action  of  a  dispersive  lens  is  illustrated  in 
Fig.  34.  Rays  proceeding  from  a  point  0,  appear  after  refraction  by 
the  lens  to  come  from  7.    When  the  distance  C  0  may  be  regarded  as 

1  Cylindrical  and  toric  lenses  will  be  considered  more  fully  in  another  cliapter 

2  The  exceptions  noted  in  the  case  of  refraction  by  single  surfaces  do  not  arise  in  lens-refraction  ; 
the  result  of  the  two  refractions  is  always  collective  in  the  case  of  convex  lenses  and  dispersive  in 
the  case  of  concave  lenses. 
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infinite,  /  coincides  with  F' ,  which  is  the  posterior  principal  focus, 
since  it  is  the  virtual  focus  for  rays  which  are  parallel  before  refraction. 
The  anterior  principal  focus  is  F  (behind  the  lens),  for  rays  which  are 
directed  toward  this  point  before  refraction  are  parallel  after  refrac- 
tion. 


Fig.  34. 


Cardinal  Points  in  Lens-refraction  In  refraction  at  a  single  surface 
rays  passing  through  the  centre  of  curvature  undergo  no  refraction, 
and,  as  we  have  learned,  the  centre  of  curvature  is  on  this  account 
called  the  nodal  point  or  the  optical  centre.  But,  since  in  a  lens 
there  are  two  refractions,  the  optical  centre  must  be  situated  so  that 
as  regards  any  ray  passing  through  it  the  refraction  at  the  first  surface 
must  be  exactly  counteracted  by  that  at  the  second  surface.  A  ray,  as 
0,  C/,  (Fig.  33),  passing  through  the  optical  centre  C,  undergoes  no 
change  in  (lirection,  but  a  lateral  displacement  varying  with  the  thick- 
ness of  the  lens. 

There  are  two  nodal  points:  the  first  one  {N)  is  that  point  on  the 
principal  axis  toward  which  the  nodal  rays  are  directed  before  refrac- 
tion; and  the  second  one  {N')  is  the  point  from  which  these  rays 
appear  to  proceed  after  refraction. 

Any  nodal  ray,  as  0^  /|,  is  a  secondary  axis,  and  as  the  thickness 
of  the  lens  becomes  insignificant  in  comparison  with  the  focal  distances, 
the  nodal  ray  approximates  a  straight  line.  In  this  case  the  two  nodal 
points  are  merged  in  a  single  nodal  point,  coinciding  with  the  optical 
centre.  Hence  when  the  thickness  of  the  lens  is  disregarded  (as  in 
artificial  lenses  used  in  ophthalmology),  the  cardinal  points  are  three 
in  number:  the  nodal  point  (or  the  optical  centre)  and  the  two  prin- 
cipal foci. 

The  principal  focal  distances  are  measured  from  the  nodal  point 
(which  in  this  respect  is  also  the  principal  point),  and,  as  so  measured, 
the  two  principal  focal  distances  are  equal,  for,  disregarding  the  thick- 
ness of  the  lens,  the  sum  of  the  two  refractions  must  be  the  same, 
whether  one  or  the  other  of  the  two  surfaces  be  exposed  to  incident 
rays. 

Numeration  of  Lenses.  The  principal  focal  distance,  or  the  focal 
length  of  a  lens,  measures  its  refractive  power,  the  latter  being  in- 
versely proportional  to  the  focal  length.  The  unit  of  measurement 
in  ophthalmology  is  the  dioptre.  This  represents  the  power  of  a  lens 
having  a  focal  length  of  one  metre.  A  lens  having  a  focal  length  of 
one-half  metre  is  twice  as  strong  as  the  unit-lens,  and  consequently 
has  a  power  of  two  dioptres  (2  D.) ;  a  lens  having  a  focal  length  of  two 


THE  PHYSIOLOGY  OF  VISION. 


63 


metres  has  a  power  of  0.5  D.,  etc.^  Collective  lenses  are  denoted  by 
the  plus  (  +  )  sign,  and  dispersive  ones  by  the  minus  ( — )  sign. 

The  Crystalline  Lens.  This  is  a  bi-convex  lens  composed  of  fibrillar 
structure,  increasing  in  density  toward  the  centre  or  nucleus,  the 
whole  being  enclosed  in  a  transparent  capsule  and  suspended  by  the 
suspensory  ligament  between  the  aqueous  humor  anteriorly  and  the 
vitreous  body  posteriorly.  The  refractive  index  of  the  crystalline 
lens  as  a  whole — the  equivalent  refractive  index — is  about  1.438,  while 
that  of  the  aqueous  and  vitreous  is  about  1.337.  Since  the  index  of 
the  bi-convex  crystalline  lens  is  greater  than  that  of  the  surrounding 
media,  this  lens  must  exert  a  collective  action  upon  the  rays  of  light 
which  pass  through  it  after  having  undergone  refraction  at  the 
cornea. 

In  the  corneal  refraction  the  anterior  focus  is  about  23  mm.  from 
the  cornea,  and  since  objects  viewed  by  the  eye  are  at  a  greater  dis- 
tance than  this,  it  follows  that  the  rays  from  any  point  of  the  object 
are  already  converging  to  a  conjugate  behind  the  cornea  when  they 
enter  the  crystalline  lens.  The  convergence  is  increased  by  the  col- 
lective action  of  the  lens,  so  that  the  rays  are  brought  to  a  focus 
sooner  than  they  would  be  without  the  lens. 

Compound  Optical  Systems.  Several  refracting  surfaces  centred 
in  a  common  axis,  and  separated  by  intervals,  as  the  various  surfaces 
of  the  eye,  constitute  a  compound  optical  system.  It  was  first  demon- 
strated by  the  mathematician  Gauss  that  such  a  system  is  exactly 
analogous  to  a  simple  system,  except  that  the  anterior  and  posterior 
focal  distances  are  measured  not  from  a  single  point,  but  from  two 
principal  points  separated  by  an  interval.  Similarly  there  are  two 
nodal  points,  having  the  same  significance  as  the  nodal  points  of  a 
thick  lens  (Fig.  33) ;  but  when,  as  in  the  eye,  the  final  medium  differs 
in  index  from  the  first,  the  nodal  points  do  not  coincide  in  position  with 
the  principal  points,  as  they  do  in  a  lens;  in  this  respect  the  eye  is 
comparable  to  a  single  surface. 

The  Schematic  Eye.  The  curvatures,  indices,  and  positions  of  the 
refractive  media  of  the  human. eye  have  been  very  accurately  inves- 
tigated. The  following  table  presents  the  average  values  which  have 
been  determined  for  the  normal  adult  eye. 

Curvatures. 

Anterior  surface  of  the  cornea  7-8  vam. 

Posterior  surface  of  the  cornea  6.0  " 

Anterior  surface  of  the  lens  during  relaxation  of  the  ciliary  muscle  .      .      .  10.0 

Posterior  surface  of  the  lens  6.0  " 

Indices. 
Cornea,  1.377 .  . 
Aqueous,  1.337  . 
Lens,  1.'138 
Vitreous,  1.3.37 

>  In  the  old  system  of  enumeration  the  inch-lens  was  taken  as  the  unit  of  measurement.  As  lenses 
having  a  focal  length  of  only  one  inch  are  seldom  used  in  ophthalmology,  the  weaker  lenses  in  com- 
mon use  had  all  to  be  expressed  in  fractions.  Thusalensof  1  D.  (having  a  focal  length  of  forty  English 
inches^  Would  be  denoted  by  the  fraction  Vw;  a  lens  of  2  D.  would  be  expressed  by  the  fraction  '/ao.etc. 


nicKness. 
1.0  mra. 
2.6  '■ 
4.0  " 
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By  applying  the  formula  of  Gauss  to  these  data  the  following  are 
deduced  as  the  cardinal  points  of  the  averatge  normal  eye : 

First  principal  point  (H)   i.s  mm.  behind  anterior  surface  of  cornea. 

Second  principal  point  (H')   2.1  "        "         "  ■< 

First  nodal  point  (N)   7.1  "        "         "  .i 

Second  nodal  point  (N')   7.4  "        "         "  «•  <• 

Anterior  principal  focus  (F)   14     "  in  front, of  the  cornea 

Posterior  principal  focus  (F')      .      .      .      .  23     "  behind  anterior  surface  of  cornea. 

A  diagrammatic  eye  constructed  in  accordance  with  these  meas- 
urements is  called  a  schematic  eye.    (Fig.  35.) 


Fig.  35. 


The  Reduced  Eye.  It  will  be  noticed  that  the  interval  between  the 
two  principal  and  between  the  two  nodal  points  is  only  0.3  mm.;  if  we 
neglect  this  interval  and  merge  the  two  principal  and  the  two  nodal 
points  into  a  single  principal  and  a  single  nodal  point,  the  refractive 
effect  of  the  eye  is  in  all  respects  similar  to  that  of  a  single  surface  of 
suitable  curvature,  the  surface  intensecting  the  axis  where  the  principal 
points  are  merged,  and  the  indices  beuig  those  of  the  first  (air)  and 
final  medium  (vitreous),  respectively.  Such  a  substitution  is  called 
the  reduced  eye.  The  reduced  eye  is  useful  for  the  study  of  refraction, 
especially  for  experimental  demonstration.  The  index  of  water  is  very 
nearly  the  same  as  that  of  the  vitreous;  hence  we  may  make  an  arti- 
ficial eye  for  demonstration  by  filling  a  suitable  receptacle  with  water, 
the  cornea  being  represented  by  a  very  thin  spherical  segment  of  glass, 
and  the  posterior  face  of  the  receptacle  having  a  ground-glass  face  on 
which  images  are  projected;  or,  for  the  study  of  the  fundus,  a  painted 
representation  of  the  retina  and  bloodvessels  may  be  substituted. 
The  curvature  of  the  artificial  cornea  should  be  such  that  the  focal  dis- 
tances are  approximately  equal  to  those  of  the  normal  eye.  If  water  is 
the  refractive  medium,  the  radius  of  curvatm-e  should  be  about  5  mm. 

Emmetropia.  The  posterior  focal  distance  of  the  schematic  eye  is 
(approximately)  21  mm.,  and  .the  second  principal  point,  from  which 
this  distance  is  measured,  lies  about  2  mm.  behind  the  anterior  surface 
of  the  cornea ;  hence  the  posterior  focus  of  the  eye  lies  23  mm.  behind 
the  corneal  summit;  that  is,  parallel  rays  will  he  brought  to  a  focus 
at  this  distance  from  the  cornea.  If  the  retina  coincides  in  position 
with  this  focus,  the  eye  is  adapted  to  receive  a  clear  impression  of  a 
distant  object.  When  this  relation  exists,  the  condition  is  called  em- 
melropia.  This  is  the  ideal  or  normal  state  of  refraction ;  but  as  this 
relation  depends  upon  the  curvature  of  the  various  sm-faces  as  well  as 
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upon  the  size  of  the  eyeball,  it  is  not  to  be  expected  that  it  uniformly 
occurs,  even  in  healthy  eyes.  In  fact,  strictly  spealdng,  emnietropia 
seldom  exists,  but  it  is  only  when  the  variation  from  the  standard  is 
capable  of  producing  disturbance  (visual  or  nervous)  that  the  con- 
dition is  to  be  regarded  as  abnormal ;  any  deviation  from  emmetropia 
is  called  ametropia. 

Aberration.  We  have,  for  the  sake  of  simplicity,  imphed  that  all  the 
rays  of  a  refracted  pencil  meet  the  axis  in  a  common  point — the  focus 
To  fulfil  this  condition,  there  must  be  a  suitable  diminution  of  curva- 
tm-e,  with  increase  of  distance  from  the  axis,  for  in  spherical  refraction 
the  peripheral  rays  are  proportionately  too  strongly  deviated,  so  that 
they  intersect  the  axis  nearer  the  surface  than  do  the  central  rays. 
This  is  called  spherical  aberration. 

The  refracting  surfaces  of  the  eye,  while  more  nearly  resembhng 
ellipsoidal  surfaces,  differ  at  the  axial  portions  only  slightly  from 
spherical  surfaces,  and  are  regarded  as  such  in  all  calculations  in  the 
study  of  ocular  refraction. 

Function  of  the  Iris.  It  is  necessary,  in  order  to  procure  a  sharp 
image  by  spherical  refraction,  that  all  but  the  more  central  rays  be 
excluded  from  the  refracting  media.  This  is  accomplished  in  artificial 
systems  by  means  of  an  opaque  diaphragm  having  a  circular  opening 
of  the  desired  size,  through  which  the  central  rays  are  admitted  to  the 
refracting  media.  In  the  eye  peripheral  rays  are  excluded  by  the  iris, 
the  central  rays  being  admitted  through  its  central  aperture— /!/ie 
pupil — which  varies  in  size  accorcUng  to  necessity.  In  bright  illu- 
mination the  pupil  becomes  very  small,  thus  adding  to  the  sharpness 
of  the  retinal  image  and  preventing  the  dazzling  of  the  retina  which 
would  occur  from  the  excess  of  light.  In  feeble  illumination  the  pupil 
dilates,  so  that,  if  possible,  sufficient  light  may  be  afforded  for  the 
proper  stimulation  of  the  retina. 

Chromatic  Aberration.  Besides  spherical  aberration,  there  is  also 
chromatic  or  color  aberration,  which  is  due  to  the  fact  that  the  degree 
of  deviation  of  light  varies  with  the  wave-length  or  color,  violet  being 
most  and  red  least  refracted.  It  may  be  experimentally  demonstrated 
that  color  aberration  occurs  in  refraction  by  the  eye,  but  it  is  too  slight 
to  be  noticeable  in  ordinary  vision. 

Increase  of  Aberration  with  Increase  of  Size  of  Object.  Aberration 
is  greater  according  as  the  secondary  axes  are  the  more  removed 
from  the  principal  axis.  Hence  it  is  evident  that  there  is  a  limit 
not  only  to  the  size  of  aperture  (the  pupil),  but  also  to  the  size  of  the 
object  which  will  afford  a  clear  image;  the  object  must  always  be  small 
in  comparison  with  the  focal  distances.  It  is  through  the  peculiar  con- 
struction of  the  retina  that  we  are  enabled  to  see  large  objects  with 
clearness.  It  is  only  the  central  portion  of  this  organ,  the  macula 
lutea,  lying  near  the  principal  axis,  that  is  sufficiently  sensitive  to  con- 
vey a  well-defined  impression  to  the  brain.  The  macula  lutea  covers 
an  oval  area,  about  2  mm.  in  the  horizontal  and  1  mm.  in  the  vertical 
diameter,  but  not  even  all  or  the  greater  part  of  this  area  is  concerned 
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in  direct  vision;  tho  ]ovea  centralis,  upon  which  must  fall  the  image  of 
every  object  distinctly  seen,  is  a  minute  depression  near  the  centre  of 
the  macula.  Thus  only  that  part  of  the  retinal  image  which  is  most 
sharply  focused  is  utilized  in  direct  vision.  The  less  clearly  formed 
portion  of  the  image  depicted  upon  the  less  sensitive  periphery  of  the 
retina  is,  however,  of  great  service  in  enlarging  the  field  of  indirect 
vision.  Any  object  or  part  of  an  object  lying  in  this  field  of  indistinct 
vision,  if  it  excites  attention,  is  brought  almost  instantly  by  the  mus- 
cular apparatus  of  the  eye  into  the  line  of  direct  vision. 

Function  of  the  Choroidal  and  Retinal  Pigment.  The  interior  of  a 
photographic  camera  is  lined  with  black  substance,  by  means  of  which 
light  reflected  from  the  plate  is  absorbed;  otherwise  by  further  reflec- 
tions from  the  interior  of  the  camera  the  plate  would  be  affected  by 
this  unfocused  light,  and  the  image  would  be  marred.  In  the  eye  this 
function  is  performed  by  the  pigment  of  the  choroid  and  retina. 

Mental  Projection  and  Rectiiacation  of  the  Retinal  Image.  It  is 
apparent  that  the  image  as  formed  on  the  retina  is  an  inverted  image ; 


nevertheless,  objects  appear  in  their  true  relations  as  perceived  by  the. 
visual  sense.  The  rectification  of  the  image  is  performed  by  the  mind, 
possibly  as  the  result  of  experience,  in  that  the  retinal  image  itself  is 
not  manifested  to  consciousness,  but  the  external  projection  of  this 
image — that  is,  we  do  not  see  the  image  on  the  retina;  we  see  the  object. 
Regarding  the  two  nodal  points  as  merged  in  a  single  point,  the  ray 
or  straight  line  passing  through  the  nodal  point  and  connecting  any 
point  of  an  object  with  the  corresponding  point  of  the  image  marks 
the  direction  of  the  external  point.  (Fig.  36.)  It  is  because  this  line, 
and  only  this  line,  represents,  in  normal  vision,  the  true  direction  of 
an  object  that  the  mind  has  learned  (through  association  of  the 
visual  sense  with  other  senses)  to  project  images  along  the  nodal  lines, 
and  this  even  when,  through  artificial  or  pathological  conditions,  these 
lines  do  not  indicate  the  ti'ue  direction. 

The  estimation  of  the  position — the  distance — of  an  object  is,  like- 
wise, not  the  result  of  any  distinctive  characteristics  of  the  image,  but 
is  a  mental  product  effected  by  the  association  of  other  senses  and  by 
the  working  of  the  two  eyes  in  unison. 


THE  PHYSIOLOGY  OF  VISION. 


67 


ACCOMMODATION. 

We  have  alluded  to  the  fact  that  the  eye  possesses  the  means  of 
varying  its  focusing  power  according  to  the  distance  of  the  object 
viewed.  This  power  of  the  eye  is  called  accommodation.  In  the  nor- 
mal or  emmetropic  eye  the  image  of  a  distant  object  (six  metres  or 
more)  is  focused  on  the  retina,  but  the  rays  from  a  near  object  would 
come  to  a  focus  at  some  point  behind  the  retina;  the  rays  being  inter- 
cepted by  the  retina  before  reaching  their  focus,  the  image  as  depicted 
upon  the  retina  would  be  blurred.  In  order  to  afford  a  clear  image 
the  refracting  power  of  the  eye  is  increased  by  an  increase  of  convexity 
of  the  crystalline  lens,  whereby  the  image  is  brought  to  a  focus  on  the 
retina.  The  nearer  the  object  of  vision  the  greater  must  be  the  in- 
crease of  curvature  in  order  to  adapt  the  eye  for  distinctness  of  image. 

Mechanism  of  Accommodation.  Accommodation  takes  place  invol- 
untarily (except  as  the  result  of  special  training)  by  reflex  stimulation; 
the  approach  of  an  object  before  the  ej^es  gives  rise  to  an  afferent 
impulse  because  of  the  mental  desire  for  distinctness  of  the  image. 
This  afferent  impulse  conveyed  by  the  optic  nerve  is  transmitted 
(probably  through  the  corpora  quadrigemina)  to  the  accommodation 
centre,  this  being  the  anterior  portion  of  the  nucleus  of  the  third 
nerve.  From  this  centre  an  efferent  impulse  is  sent  to  the  ciliary 
muscle,  which,  undergoing  contraction,  increases  the  curvature  of  the 
crystaUine  lens,  and  at  the  same  time  an  impulse  from  the  adjoining 
pupillary  centre  produces  contraction  of  the  sphincter  pupillse.  Inti- 
mately associated  with  these  two  reactions  is  that  of  convergence, 
whereby  the  object  is  brought  into  the  line  of  direct  vision  of  each 
eye.  So  closely  associated  are  accommodation  and  convergence  that 
under  normal  conditions  these  two  impulses  are  excited  in  unison; 
the  accommodative  impulse  gives  rise  to  convergence,  and  vice  versa. 

Helmholtz's  Theory.  The  manner  in  which  contraction  of  the 
ciliary  muscle  effects  accommodation  was  first  explained  by  Helm- 
holtz.  The  crystalline  lens  is  composed  of  fibrillar  tissue.  In  early 
life  the  substance  of  these  fibres  is  semifiuid,  so  that  the  whole  lens 
is  of  a  gelatinous  consistency.  With  increase  of  age  the  lens-substance 
hardens,  first  at  the  centre,  forming  a  nucleus,  and  later  the  cortical 
portion  also  becomes  firm,  the  lens  being  in  old  age  a  solid  body  incap- 
able of  undergoing  change  of  shape. 

The  form  of  the  soft  lens  is  maintained  by  the  capsule,_  an  elastic 
membrane  or  sac  in  which  the  lens  is  enclosed.  The  capsule  is  attached 
peripherally  to  the  ciliary  muscle  by  means  of  the  ciliary  or  suspen- 
sory ligament.    (Fig.  37.) 

the  ci'hany  muscle  consists  of  two  parts:  the  first  or  circular  portion 
may  be  described  as  a  ring-shaped  muscle  lining  the  inner  surface  of 
the  sclera  just  behind  the  sclero-corneal  junction;  the  second  or  longi- 
tudinal portion  is  composed  of  fibres  which  are  united  anteriorly  with 
the  circular  portion,  and  which  extend  posteriorly  to  the  equatorial 
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region  of  the  eyeball,  where  they  are  inserted  into  the  choroidal  coat. 
In  the  normal  eye  the  circular  fibres  predominate  over  the  longitudinal 
ones  in  the  proportion  of  about  ten  to  one. 

Assuming  the  sclero-corneal  attachment  to  be  the  fixed  point  in  the 
muscular  action,  it  is  apparent  that  contraction  of  the  more  powerful 
circular  fibres  must  diminish  the  diameter  of  the  ciliary  ring,  while 
contraction  of  the  less  potent  mericlianal  portion  of  the  muscle  will,  at 
most,  produce  a  slight  tension  upon  the  choroid. 

When  the  ciliary  muscle  is  uncontracted,  the  anterior  suspensory  - 
ligament  is  held  tightly  stretched,  the  posterior  portion  being  much 
less  so.    (Fig.  37,  1 .)    The  stretching  of  the  anterior  ligament  causes 
a  flattening  of  this  surface  of  the  lens;  but  when,  by  contraction  of  the 
muscle,  the  anterior  ligament  is  relaxed,  the  anterior  portion  of  the 


Fig.  37. 


lens  is  allowed  to  bulge  forward  (Fig.  37,  2),  so  that  the  convexity  of 
this  surface  is  increased.  In  maximum  relaxation  of  the  ligament  the 
form  of  the  two  lens-surfaces  is  practically  the  same,  the  radius  of 
curvature  being  about  5.5  mm.  in  the  young  adult;  for  the  posterior 
ligament  also  undergoes  a  slight  relaxation,  the  radius  of  curvature 
of  this  surface  being  reduced  from  6  to  5.5  mm. 

Tscherning's  Theory.  Certain  physiologists,  most  prominent  of 
whom  is  Tscherning,  believe  that  the  theory  advanced  by  Helmholtz 
does  not  afford  the  true  explanation  of  accommodation.  They  believe 
that  contraction  of  the  cihary  muscle  produces,  by  means  of  the  longi- 
tudinal fibres,  an  increase  of  tension  of  the  suspensor}^  ligament,  and 
that  by  this  tension  the  curvature  of  the  apices  of  the  lens-surfaces 
is  increased  with  a  diminution  of  curvature  at  the  peripheral  portions. 
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Such  a  change  is  physically  possible  only  in  the  event  of  the  nucleus 
being  firmly  solidified  while  the  cortex  is  fluid  or  gelatinous.  This  is 
not  the  condition  of  the  human  lens  in  childhood  and  early  adult  life 
— the  period  at  which  accommodation  is  most  active;  hence  it  would 
seem  that  this  explanation  is  less  plausible  than  that  of  Helmholtz. 

Measurement  of  Accommodation.  Accommodation  is  measured  by 
the  lens,  which  when  placed  in  front  of  and  as  near  as  possible  to  the 
eye  would  have  the  same  focusing  power  as  the  accommodation  exer- 
cised. This  is  illustrated  in  Fig.  38.  An  object  situated  at  0  could 
be  clearly  seen  by  a  normal  eye  with  exercise  of  accommodation;  with- 
out accommodation  this  eye  would  focus  a  distant  object  (parallel 
rays)  on  the  retina.  A  convex  lens  (L)  whose  focal  length  is  L  0 
would  render  rays  from  0  parallel,  so  that  the  rays  so  rendered  would 
be  focused  on  the  retina  without  accommodation.  Hence  the  lens  L 
has  the  same  effect  as  the  accommodation,  and  may  be  taken  as  the 
measure  of  the  latter.  If  0  is  the  nearest  point  for  which  an  eye  can 
accommodate,  the  lens  L  measures  the  accommodative  power — the 
amplitude  of  accommodation — of  the  eye.  If  L  0  is  0.25  metre  in 
length,  the  accommodative  power  is  4  D.,  etc. 


Fig.  38. 


Variation  of  Accommodation  with  Age.  Since  accommodative 
power  depends  upon  the  ability  of  the  crystalline  lens  to  change  its 
shape,  it  is  apparent  that  this  power  must  diminish  as  the  lens  becomes 
hardened  with  mcrease  of  age.  At  ten  years  of  age  there  is  normally 
an  amplitude  of  about  14  D.,  that  is,  at  this  age  an  emmetropic  eye  can 
adapt  itself  for  all  objects  distant  not  less  than  71  mm.  from  the  eye. 
Beginning  at  this  early  age  there  is  a  gradual  diminution  in  accom- 
modative power,  and  when  the  age  of  seventy  or  seventy-five  years 
has  been  reached  accommodation  is  no  longer  possible. 

The  following  table  (Donders)  gives  the  accommodative  power  at 
intervals  of  five  years : 

Age      10       15      'JO      25      30      35      40      45      50       55       00      65      70  75 
D.       14       12      10     8.5        7      5.5     4.5      3.5     2.5     1.75        1    0.75    0.25  00 

Presbyopia.  In  ordinary  near  work,  such  as  readmg,  the  object  of 
vision  is  usually  at  a  distance  of  about  i  of  a  metre  (13  inches)  from 
the  eye,  or  even  nearer  in  the  case  of  very  small  print  or  other  fine 
work.  In  order  to  adjust  the  eye  for  this  distance,  3  D.,  or,  at  most, 
3.5  D.,  of  accommodation  would  be  suflicient  if  one  could  use  all  his 
accommodative  power  continuously;  but  it  is  impossible  to  maintain 
the  maximum  of  accommodative  activity  for  more  than  a  momentary 
period.    It  has  been  found  that  for  long-continued  near  work  only 
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about  two-thirds  of  the  total  amplitude  is  available,  and  with  ad- 
vancing years  a  still  smaller  proportion  can  be  utilized.  If  one  attempts 
to  engage  in  near  work  without  this  reserve  accommodation,  the  eyes 
speedily  tire,  vision  becomes  blurred,  and  pain  in  the  eyes,  sometimes 
accompanied  by  headache,  develops,  so  that  the  work  must  be  aban- 
doned. After  a  short  period  of  rest  work  may  again  be  resumed,  with 
more  or  less  prompt  return  of  the  aforementioned  symptoms.  If 
near  work  be  persisted  in  under  such  circumstances,  the  symptoms 
will  in  time  become  very  distressing,  and  to  those  already  noted  may 
be  added  extreme  hypersensitiveness  to  light,  and  conjunctival  con- 
gestion and  inflammation,  which  frequently  ensue. 

In  order  that  one  may  be  able  to  use  contmuously  8  D.  of  accom- 
modation he  must  have  a  total  amplitude  of  4.5  D.  AVhen  from  in- 
crease of  age  the  crystalline  lens  has  become  so  hardened  that  the 
amplitude  falls  below  this  amount  (correspondmg  to  vision  at  22  cm., 
or  9  inches),  the  condition  is  called  presbyopia  (old  sight).  Reference 
to  the  table  above  given  shows  that  the  presbyopic  state  is  reached 
when  the  fortieth  year  of  life  is  passed;  practically  the  condition  is 
usually  manifested  between  the  ages  of  forty-three  and  forty-five 
years.  It  is  often  nearer  the  latter  age  when  relief  is  sought,  though 
the  exact  time  varies  accortling  to  the  physical  condition,  to  the  char- 
acter of  work  pursued,  and  especially  to  the  refractive  state  of  the  eye. 

The  pliysiological  condition  of  presbyopia  should  not  be  confounded 
with  hyperopia,  which  may  give  rise  to  similar  symptoms.  A  person 
having  3  D.  of  hyperopia  will  require  (as  we  shall  learn  in  Chapter 
III.)  this  amount  of  accommodation  for  distant  vision;  at  thirty-five 
years  of  ago  the  amjilitude  is  5.5  D.,  and  if  3  D.  of  this  must  be  used 
to  focus  parallel  rays  on  the  retina,  only  2.5  D.  will  be  available  for  the 
additional  focusing  required  in  near  work.  This  amount  being  insuffi- 
cient, near  work  becomes  burdensome,  but  this  is  not  presbyopia;  the 
inconvenience  arises  not  because  the  accommodation  is  weak, 
but  because  an  abnormally  high  amount  is  required.  With  the 
aid  of  a  convex  lens  correcting  the  hyperopia  the  symptoms  dis- 
appear, to  reappear,  however,  about  the  age  of  forty-five,  when  an 
additional  convex  lens  will  be  required  to  take  the  place  of  the  failing 
accommodation,  that  is,  to  overcome  the  presbyopia.  On  the  other 
hand,  a  person  who  has  3  D.  of  myopia  will  never  develop  presbyopic 
symptoms,  because  he  can  focus  rays  coming  from  an  object  placed 
at  the  reading  distance  without  any  accommodation.  Such  a  person 
will,  however,  become  presbyopic  (his  accommodation  will  fall  below 
4.5  D.)  at  the  usual  age,  and  if  he  wears  glasses  correcting  the  myopia, 
he  will  have  to  remove  these  in  order  to  read  fine  print. 

Although  presbyopia  is  a  physiological  condition,  in  that  all  eyes 
are  subject  to  it,  it  would  nevertheless  entail  most  serious  consequences 
among  civilized  races  if  it  were  not  that  artificial  conditions  of  life 
have  brought  also  artificial  means  of  relief  in  the  substitution  of  a 
glass  lens  for  the  loss  of  accommodative  action  of  the  crystalline  lens 
of  the  eye. 
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The  following  table  gives  the  probable  strength  of  lens  necessary  in 
order  to  enable  the  presbyope  to  engage  comfortably  in  near  work: 

Ago  45  50  55  60  65  70  75 

D.  1  2         2.75         3.25  3.5  3.5  3.5 

For  reading,  a  glass  of  3  D.,  or,  at  most,  3.5  D,,  is  sufficient,  even 
when  the  accommodative  power  is  entirely  lost;  hence  the  rule 
usually  given  that  1  D.  should  be  added  for  every  five  years  is  not 
appUcable  after  fifty-five  years.  It  is  evident  also  that  the  strength  of 
lens  must  vary  according  to  the  character  of  the  work ;  it  may  be  neces- 
sary in  certain  handicrafts  to  use  a  lens  of  4  D.,  but  a  lens  of  this 
strength  and  even  one  of  3.5  D.  would  cause  objects  situated  at  a 
distance  of  one-half  metre  or  more  to  be  blurred,  and  for  work  which 
must  be  performed  at  such  distance  a  lens  of  2  D.  would  be  required 
when  all  accommodative  power  is  lost. 

It  is  also  apparent  that  in  ametropia  the  presbyopic  lens  must  be 
added  to  or  subtracted  from  that  correcting  the  ametropia  according 
as  this  is  hyperopia  or  myopia. 

VISUAL  ACUITY. 

The  size  of  the  image  as  formed  on  the  retina  varies  according 
to  the  distance  of  the  object.     Thus  if  0  0  (Fig.  39)  represents  the 


Fig.  39. 


linear  dimension  of  an  object,  the  image  of  this  dimension  will  be 
represented  by  /  /,  or  /[  according  to  the  situation  of  the  object. 
Conversely,  an  object,  Oi  0,,  Fig.  40,  will  form  on  the  retina  an  image 
of  the  same  size  as  that  of  the  object,  0  0. 


Fig.  40. 


The  Visual  Angle.  The  angle  0  N  0  (equal  to  I  N  1)  is  called 
the  visual  angle.  The  smallest  angle  which  two  points  (as  0  and  0) 
may  subtend  at  the  nodal  point  of  the  eye,  while  they  are^distin- 
guished  as  separate,  is  called  the  minimum  visual  angle.  TJi^  nnm- 
mum  visual  angle  measures  the  visual  acuteness  of  the  eys.    It  has 
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been  found  by  experiment  that  under  suitable  illumination  the  smallest 
angl^e  under  which  two  white  lines  separated  by  a  black  intervaf  an 
be  d  stmgmshed  as  separate  is  for  the  normal  human  eye  slightly 
\^&?>  i\\Sin  one  minute.  ^  ""S^i-'y 

Test-letters  for  Measuring  Visual  Acuity.  Making  use  of  the 
foregoing  expernnental  determination,  Snellen  constructed  a  series 
ot  test-letters  so  arranged  that  when  placed  at  the  proper  distance 
each  stroke  of  each  letter  would  subtend  an  angle  of  one  minute  at 
the  nodal  point  of  the  eye.  This  is  illustrated  in  Fio-  41  When 
placed  at  a  distance  of  30  metres  from  the  eye,  each  side  of  the  square 

Fig.  41. 


would  subtend  an  angle  of  five  mmutes  at  the  nodal  point,  and  each 
stroke  of  the  letter  would  subtend  an  angle  of  one  minute.  In  testing 
visual  acuteness,  it  is  convenient  to  have  letters  of  vaiious  sizes,  the 
distance  at  which  they  subtend  the  one-minute  angle  being  noted  on 
the  card.    (Fig.  42.) 

Method  of  Conducting  the  Test.  The  test  is  usually  conducted 
with  the  letters  placed  at  a  distance  of  6  metres.  If  at  this  distance 
an  eye  can  distinguish  those  letters  which  subtend  the  one-minute 
angle,  the  visual  acuity  is  normal.  It  is  expressed  by  the  equation 
V  =  6/6  or  V  =  1.  But  if  at  this  distance  the  eye  can  distinguish 
no  smaller  letters  than  those  which  subtend  the  one-minute  angle  ivt 


THE  PHYSIOLOGY  OF  VISION. 


73 


12  metres,  the  visual  acuity  is  only  one-half  as  great  as  it  should  be; 
it  is  expressed  by  the  equation  V  =  6/12.  In  general,  the  visual 
acuity  is  expressed  by  a  fraction,  the  numerator  of  which  is  the  dis- 
tance at  which  the  test  is  conducted,  and  the  denominator  is  the 
distance  at  which  the  smallest  distinguishable  letters  subtend  the  one- 
minute  angle. 

Fig.  42. 


N  H  A' 

•  T   E   F   L  - 

"  B    R   P    Z   E " 

'    H   N   G   C    0   D  - 
"        VYSBRA  - 
•  XKZCNHFP 

TJiorington  bracket  with  test  letters. 


Visual  Acuity  Exceeding  the  Standard.  Partly  because  of  the 
familiarity  with  the  alphabetical  characters  and  partly  because  the 
standard  adopted  by  Snellen  (one  minute)  is  slightly  larger  than  the 
minimum  visual  angle  in  young  persons,  it  frequently  happens  that 
smaller  letters  can  be  read  than  those  indicated  for  normal  vision. 
Thus  V  =  6/4  or  V  =  6/3  may  be  recorded.  In  old  persons  vision 
exceeding  6/6  is  not  common,  because  of  diminution  of  transparency 
of  the  media. 

Estimation  of  the  Refractive  Condition  and  of  the  Accommodative 
Power  by  Means  of  Test-letters.  Since  an  eye  must  have  its  maxi- 
mal seeing  power  when  the  image  is  properly  focused  on  the  retina, 
we  have  in  the  test-letters  a  means  of  determining  whether  or  not 
the  emmetropic  condition  is  present.  If  the  visual  power  is  increased 
by  placing  a  convex  lens  before  the  eye,  we  know  that  without  this 
lens  the  focus  falls  behind  the  retina  (hyperopia) ;  if  the  visual 
power  is  increased  by  a  concave  lens,  the  focus  without  the  lens 
must  fall  in  front  of  the  retina,  either  from  excess  of  curvature  or  of 
length  of  eyeball  (myopia),  or  from  undue  action  (spasm)  of  the 
accommodation;  finally,  if  the  maximal  visual  power  is  obtained  with 
the  aid  of  a  cylindrical  lens,  the  eye  is,  without  the  lens,  adjusted  to 
the  object  in  the  meridian  of  the  axis  of  the  cylinder,  and  hyperopia 


74 


THE  EYE. 


or  myopic  (astigmatic)  in  the  meridian  at  right  angles  to  this,  accord- 
ing as  a  convex  or  concave  cylinder  is  required. 

Having  determined  with  the  distant  test-letters  the  refractive  con- 
dition and  the  visual  acuity  of  an  eye,  it  is  possible,  by  means  of  small 
letters  constructed  upon  the  same  plan,  to  measure  the  accommoda- 
tive power.  Placing  before  the  eye  the  lens  which  affords  the  con- 
dition of  emmetropia,  and  noting  the  visual  acuity,  the  same  acuity 
should  be  obtained  in  near  vision  so  long  as  the  accommodative  power 
is  sufficient  to  adjust  the  e5'^e  for  the  distance  at  which  the  types  are 
held. 

DURATION  OF  THE  VISUAL  SENSATION. 

The  length  of  time  required  for  light  to  produce  stinmlation  of  the 
retina  is  practically  instantaneous ;  the  shortest  flash  of  light  that  can 
be  produced  experimentally  is  seen  by  the  eye  as  perfectly  as  a  much 
longer  flash.  Moreover,  however  brief  the  period  of  stimulation,  the 
visual  impression  always  persists  for  an  appreciable  interval  (about 
one-eighth  of  a  second)  after  withdrawal  of  the  stimulus.  Thus  a 
series  of  rapid  stimulations  appears  as  a  continuous  stimulation— the 
spokes  of  a  rapidly  revolving  wheel  appear  to  cover  every  part  of 
the  area  of  the  circle. 

BINOCULAR  VISION. 

This  subject  will  be  considered  in  another  chapter.  It  suffices  to 
say  here  that  in  normal  vision  the  muscular  movements  of  the  eyes 
are  so  associated  as  always  to  bring  the  image  of  an  object  (in  direct 
vision)  upon  the  fovea  centralis  of  each  eye.  When  this  is  accom- 
plished, a  single  mental  impression  is  received — slightly  more  intense 
and  with  better  appreciation  of  form  and  perspective  than  is  obtained 
from  one  eye  acting  alone. 


CHAPTER  III. 


REFRACTIVE  ERRORS  IN  GENERAL. 
By  ALEXANDER  DUANE,  M.D. 
EMMETROPIA  AND  THE  VARIETIES  OF  AMETROPIA. 

When  rays  coming  from  a  distant  object— rays,  that  is,  which  are 
practically  parallel  to  one  another  when  they  reach  the  eye — pass 
through  the  cornea  and  crystalline  lens,  they  are  brought  together 
at  the  posterior  focus  of  the  eye,  and  form  there  a  sharp  inverted 
image  of  the  object. 

The  retina  may  lie  just  at  the  posterior  focus  of  the  eye.  The  eye 
then  is  hke  a  camera  which  is  precisely  focused  for  distant  objects, 
and  such  objects,  forming  a  sharp  image  upon  the  retina,  will,  if  the 
eye  is  otherwise  normal,  be  perceived  distinctly.  This  condition,  in 
which  the  eye  naturally  and  without  effort  focuses  parallel  rays  upon 
its  retina,  is  called  emmetropia  (E.) .    (Fig.  43.) 


The  emmetropic  eye.  C  C is  a  lens  representing  the  cornea  and  the  crystalline  lens  collectively ; 
iVJVis  the  retina  lying  at  the  principal  focus,  jP,  of  C  C( 7^=  posterior  focus  of  theeye).  Rays  coming 
from  a  very  distant  object,  R,  will  be  sensibly  parallel  to  one  another  (thus  taking  the  direction 
T)  C,  D  C)  when  they  strike  the  eye,  and  will  hence  be  sharply  focused  at  F,  so  as  to  form  a  distinct 
inverted  image  of  R  upon  the  retina  N N.  The  emmetropic  eye  is,  therefore,  like  a  camera  which 
is  accurately  focused  for  distance. 

If  the  point  J^'on  the  fundus  is  illuminated  so  that  It  sends  out  rays  in  the  reverse  direction,  F  C, 
FC,  these  rays  will  emerge  from  the  eye  parallel  to  one  another,  taking  thus  the  direction  CD, 
C D,  after  passing  back  again  through  the  crystalline  lens  and  cornea. 


Opposed  to  emmetropia  is  the  condition  known  as  ametropia,  in 
which  the  retina  is  not  at  the  posterior  focus  of  the  eye,  and  the  eye 
consequently  is  not  adjusted  for  parallel  rays.  An  ametropic  eye  is 
like  a  camera  out  of  focus,  and  cannot,  except  by  accommodative 
effort  or  by  the  aid  of  a  glass,  form  distinct  images  of  distant  objects 
upon  its  retina.  Ametropia  comprises  the  various  errors  of  refraction, 
which  are  myopia,  hyperopia  and  astigmatism. 


Fig.  43. 
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Myopia  (My.),  or  nearsightedness,  is  that  condition  in  which  the 
retina  hes  behind  the  posterior  focus  of  the  eye.  The  eye  then  is 
like  a  camera  which  is  out  of  focus  because  its  receiving  plate  is  too 
far  back  of  its  lens.    (Fig.  44.) 

Fig.  44. 


0 


The  myopic  eye.  CC,  lens  representing  the  cornea  and  crystalline  lens  of  the  eye  collectively. 
J?,  the  principal  focus  of  C  C,  or  of  the  eye,  lying  in  front  of  the  retina  JtfJV.  Rays  emanating  from 
a  distant  object,  0.  and  hence  parallel  to  one  another  (Uking  the  course  D  C.  D  C)  when  they  reach 
the  eye,  are  focused  by  C  Cat  Ji"  in  front  of  the  retina.  The  eye  is,  therefore,  not  adjusted  for  O. 
The  amount  by  which  it  is  out  of  focus— (.  e.,  the  distance  between  J"  and  .ZV— measures  the  amount 
of  myopia. 

Hyperopia,  or  hyperjnetropia  (H.),  also  called  farsightedness  orlong- 
sightcdne.ss,  is  that  condition  in  which  the  retina  lies  in  front  of  the 
posterior  focus  of  the  eye.  The  eye  then  is  like  a  camera  which  is 
out  of  focus  because  its  receiving  plate  is  too  close  to  its  lens.  (Fig.  45.) 


Fia.  45. 
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The  hyperopic  eye.  CC,  lens  representing  the  cornea  and  crystalline  lens  collectively.  F.  the 
principal  focus  of  C  C,  or  of  the  eye,  behind  the  retina  iVxV.  Rays  emanating  from  a  distant  object, 
0,  and  hence  parallel  to  one  another  before  striking  the  eye  (taking,  therefore,  the  course  D  C,  D  C), 
will,  after  refraction  through  C  C,  be  converged  toward  F.  They  will  hence  strike  the  retina  before 
they  come  to  a  focus.  The  eye  is,  therefore,  not  adjusted  for  0.  The  amount  by  which  it  is  out  of 
focus— i.  e.,  the  amount  of  its  hyperopia— is  measured  by  the  distance  between  iV iV and  F. 

Astigmatism  (As.)  is  that  condition  in  which  the  several  meridians 
of  the  eye  differ  from  each  other  in  refraction,  so  that  each  will  focus 
parallel  rays  at  a  different  point.  Instead,  then,  of  there  being  oiie 
principal  focus  for  all  meridians  alike,  as  in  myopia  or  hyperopia, 
there  are  a  number  of  foci,  one  for  each  meridian,  and. these  foci  lie 
one  behind  the  other.  If  the  focus  for  any  one  meridian  happens  to 
lie  upon  the  retina,  that  meridian  will  be  emmetropic,  while  all  the 
other  meridians  will  be  myopic  or  hyperopic,  because  their  foci  are 
in  front  of  the  retina  or  behind  it.    If  the  retina  lies  in  front  of  all 
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the  foci,  all  the  meridians  will  be  hyperopic,  but  some  more  than 
others  ;  and  if  the  retina  lies  behind  all  the  foci,  all  the  meridians 
will  be  myopic,  but  some  more  than  others.    (Fig.  52.) 

Accommodation.  As  we  have  seen  in  Chapter  II.,  an  emmetrope 
who  wishes^  to  focus  for  a  near  object  does  so  by  accommodating, 
that  is,  by  increasing  the  convexity  of  his  crystalline  lens,  and  thus 
making  his  eye  just  that  much  the  more  refractive.  In  effect  he  adds 
to  the  lens  another  lens,  A.  (Fig.  46.)  This  lens  A  must  give  rays 
emanating  from  P  such  a  direction  that  the  eye  C  can  focus  them 
upon  the  retina  N  N.  If  the  eye  C  is  emmetropic  or  has  been  made 
so  artificially—?;,  e.,  if  it  is  adjusted  for  parallel  rays,  A  must 
make  rays  that  diverge  from  P  parallel  to  one  another.  But  to  do 
this,  A  must  have  a  focal  length  =  AP.  Hence  the  auxiliary  lens 
lohich  represents  the  accommodative  effort  that  the  eye  makes  in  adjust- 
ing upon  any  near  point  must  have  a  focal  length  equal  to  the 
distance  of  that  near  point  from  the  eye.  This  amounts  to  saying 
that  when  a  patient  adjusts  for  a  point  ten  inches  off,  he  practically 
adds  to  his  eye  by  accommodative  effort  a  10"  (4  D.)  lens;  when  he 
adjusts  for  half  that  distance,  he  adds  a  lens  twice  as  strong,  etc. 


Fig  4C. 


Accommodation.  Tbe  eye  C,  which  is  either  naturally  or  artificially  emmetropic,  and  therefore  is 
adjusted  for  parallel  rays,  may  be  adjusted  for  the  divergent  rays  coming  from  a  near  point,  P,  by 
exerting  an  amount  of  accommodation  represented  by  the  auxiliary  lens  A.  This  lens  must  have 
a  focal  length  =  AP,  for  then  only  will  it  make  rays  that  diverge  from  P  parallel— i.  e.,  give  them 
such  a  direction  that  the  lens  C  will  be  able  to  focus  them  upon  the  retina  N N. 

This  conception  of  the  accommodative  process  is  very  helpful  in 
considering  the  correction  of  refractive  errors.  It  is  so  far  justified 
in  that  we  may,  if  we  wish,  actually  replace  the  accommodation  by 
means  of  just  such  an  auxihary  lens,  and  thus  adjust  the  eye  for  any 
desired  near  point.  Thus,  suppose  we  paralyze  the  accommodation 
completely  in  an  emmetrope  with  atropine,  so  that  his  eye  unaided 
can  see  distinctly  at  distance  only.  Then,  by  placing  a  5  D.  (8") 
lens  before  his  eye,  we  at  once  adjust  his  sight  for  a  point  8" 
from  him,  and  enable  him  to  read  at  that  distance,  just  as  if  he  were 
using  an  equivalent  amount  of  accommodation. 

Vision  in  Ametropia.  Diffusion  Images.  An  uncorrected  ame- 
trope  always  sees  in  diffusion  images.  To  understand  what  this 
means,  we  have  only  to  consider  what  happens  when  the  rays  ema- 
nating from  a  distant  point,  A  (Fig.  47),  strike  an  eye  which  has  no 
great  amount  of  astigmatism.    These  rays,  impinging  upon  the  cor- 
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nea,  are  converged,  then  pass  through  the  pupil  and,  striking  the  lens, 
are  converged  still  more,  so  as  finally  to  unite  pretty  sharply  in  a 
point,  B,  situated  at  the  posterior  focus  of  the  eye.  They  thus  form 
a  conical  or  pyramidal  bundle  whose  base  is  formed  by  the  pupil 
C,  and  whose  apex  by  the  point  B.  The  cross-section  of  this  bundle 
will  have  the  same  shape  as  the  pupil,  being,  therefore,  usually  cir- 
cular, but,  in  cases  of  irregular  pupil,  bemg  oval  or  any  other 
shape,  D. 

In  emmetropia  the  retina  is  situated  at  the  posterior  focus  of  the 
eye,  and  will  intersect  the  bundle  C  B  tit  B,  where  all  the  rays  of  the 
bundle  unite  in  a  single  point.  Consequently,  the  retinal  image  of 
the  point  A,  which  image  is  formed  by  the  union  of  the  rays  com- 
ing from  A  and  forming  the  bundle  C  B,  is  a  single  sharply  defined 
point  of  light.  A  distant  object,  being  made  up  of  a  series  of 
points,  such  as  A,  will  then  form  upon  the  retina  a  series  of  sharply 
defined  points  like  B,  each  one  of  which  resembles  its  original  in 
arrangement  and  distinctness.  Hence  the  retinal  image  will  be  a 
true  and  clear  representative  of  the  external  object. 


Fig.  47. 
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Din\ision  images.  The  rays  emannting  from  a  distant  point,  .4,  paps  tiirough  the  triangular  pupil 
CCC,  and  are  converged  to  form  a  pyramidal  bundle  of  rays,  CS,  C  B,  C  B,  uniting  in  a  sharp  point 
at  B.  If  the  retina  is  at  2  (enimetropia).  the  image  of  the  point  A  is  the  point  B.  If  the  retina  is  at 
1  (hyperopia),  the  image  of  .4  is  the  triangle  D,  which  is  larger  and  more  hazy  in  proportion  as  D  is 
in  front  of  B.  If  the  retina  is  at  3  (myopia),  the  image  of  A  is  the  Inverted  triangle  E.  D  and  IS  are 
diffusion  images. 

It  will  be  otherwise  in  ametropia.  Here  the  retina  is  either  in 
front  of  B  (in  hyperopia)  or  behind  it  (in  myopia).  In  hyperopia 
the  retina,  intercepting  the  rays  before  they  come  together,  will  have 
formed  upon  it,  as  the  representative  of  the  point  A,  a  figure,  D,  of 
the  same  shape  as  the  pupil.  It  is  evident  that  the  further  off  D 
is  from  B—i.  e.,  the  greater  the  hyperopia— the  larger  D  will  be,  and 
therefore  the  fainter,  too,  since  all  the  light  that  in  emmetropia  is 
concentrated  in  the  one  point  B,  is  now  scattered  over  a  compara- 
tively large  area. 

Similarly  in  myopia  the  retina,  being  behind  B,  will  have  formed 
upon  it  a  figure,  E,  of  the  same  shape  as  the  pupil  inverted,  and  bigger 
^nd  fainter  in  proportion  to  the  degree  of  the  myopia. 

The  faint,  enlarged  images  D  and  E,  formed  on  the  retina  in 


REFRACTIVE  ERRORS  IN  GENERAL. 


79 


ametropia,  and  representing  a  single  point  of  light,  are  called  diffu- 
sion images.' 

In  astigmatism  the  shape  of  the  diffusion  images  will  depend  upon 
the  amount  of  ametropia  in  the  different  meridians  and  the  shape 
of  the  diffusion  images  upon  the  direction  in  which  the  least  ame- 
tropic  meridian  lies.  The  special  varieties  that  occur  will  be  discussed 
later  on. 

In  ametropia  the  retinal  image  of  the  distant  object  will  be  made 
up  of  a  series  of  overlapping  diffusion  images,  which  will  more  or  less 
confuse  one  another.  Hence  such  an  image  will  be  blurred,  and  the 
more  so  the  greater  the  size  of  the  diffusion  images. 

The  size  of  the  diffusion  images  is  dependent  not  only  on  the  degree 
of  the  ametropia,  but  also  on  the  size  of  the  pupil.  For  it  is  evident 
that  the  smaller  the  latter— i.  e.,  the  smaller  the  base  of  the  cone 
C  5— the  smaller  will  be  the  sections  D  and  E.  This  shows  us  why 
in  ametropes,  and  likewise  in  presbyopes,  who  for  objects  within  their 
Bear  point  also  see  in  diffusion  images,  vision  with  contracted  pupils 
is  much  sharper  than  when  the  pupils  are  dilated.  Indeed,  an  ame- 
trope  of  even  high  degree,  provided  his  visual  perception  is  intact, 
will  see  nearly  as  well  as  an  emmetrope,  if  only  his  pupil  is  contracted 
ad  maximum  or  is  made  artificially  small  by  the  use  of  a  pinhole 
(stenopeic  aperture).'  This  fact  is  utilized  when  in  testing  a  patient 
we  wish  to  ascertain  whether  he  sees  poorly  because  we  have  not  yet 
given  him  the  proper  glass,  or  because,  owing  to  some  imperfection 
of  the  media,  retina,  or  nerve,  the  seeing  power  itself  is  impaired. 
In  the  former  case  the  pinhole  will  improve  the  sight,  in  the  latter 
case  it  will  not.^ 

It  is  for  this  reason,  also,  that  myopes  try  to  improve  their  sight 
by  squeezing  their  lids  together.  Tliis  in  effect  narrows  their  natu- 
rally wide  pupils  and  gives  them  smaller  diffusion  images.  Hyperopes, 
who  have  naturally  small  pupils,  and  who  besides  can  get  around  their 
difficulty  by  using  their  accommodation,  generally  do  not  need  to 
employ  this  device. 

^  For  this  reason,  also,  the  vision  in  ametropia  is  usually  worse  in  a 
dim  light,  when  the  pupils  dilate.  And  many  ametropes  and  pres- 
byopes secure  good  vision  by  using  a  strong  light  which  falls  directly 
upon  the  eyes,  and  so  contracts  the  pupils  to  pinpoints. 

Resuming,  we  may  say :  In  ametropia  the  retinal  image  of  a  distant 
point  will  he  a  diffusion  image  whose  shape  will  he  the  shape  of  the  pupil, 
and  whose  size  will  he  directly  proportional  to  the  degree  of  ametropia  on 
the  one  hand  and  to  the  size  of  the  pupil  on  the  other. 

The  resulting  blurring  of  sight  will  he  directly  proportional  to  the  size 
of  the  diffusion  images. 

1  Usually  called  diffusion  circles;  but,  as  pointed  out,  while  generally  circular,  they  may  have  any 
shape,  depending  upon  the  shape  of  the  pupil. 

2  Some  of  the  first  spectacles  were  nothing  but  pinhole  apertures  in  metal  plates.   With  these  a 
myope  could  see  distinctly  at  a  distance,  and  a  presbyope  could  read. 

'  Theoretically  ;  but,  as  a  matter  of  fact,  the  pinhole  cuts  olT  so  much  light  that  the  test  is  not  a 
very  serviceable  one. 
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Correction  of  Ametropia.    To  obviate  this  blurring  and  enable  the 

ametrope  to  see  perfectly  at  a  distance,  we  must  in  some  way  abolish 
his  ametropia.  This  is  effected  sometimes  by  the  accommodation, 
sometimes  by  the  use  of  glasses.  However  effected,  the  correction 
practically  converts  the  ametrope  into  an  emmetrope,  and  he  should 
see  like  one  both  for  distance  and  near. 

Myopia.  Far  Point  in  Myopia.  The  myope,  as  we  have  just  re- 
marked, sees  a  distant  object  in  diffusion  images.  Such  objects, 
therefore,  appear  blurred  to  him,  and  the  more  so  the  higher  his 
myopia. 

But  while  the  myope  sees  poorly  for  distance,  he  sees  well  for  near. 
For  if  the  eye  is  such  that  parallel  rays  entering  it  focus  at  F  in  front 
of  the  retina  (Fig.  44),  rays  that  diverge  from  some  comparatively 
near  point,  R,  will  focus  back  of  F,  and,  if  F  is  sufficiently  near  the 
eye,  will  focus  right  upon  N  N.  The  eye,  in  fact,  is  like  a  camera 
which  is  adjusted  not  for  distance,  but  for  the  nearer  object  R.  It  is 
practically  in  the  same  condition  as  the  accommodating  eye  (Fig.  46), 
and,  like  the  latter,  may  be  regarded  as  equivalent  to  an  emmetropic 
eye  to  which  a  convex  lens  has  been  added.   (Fig.  48.)    Such  a  con- 

Fio.  48. 


The  myopic  eye  considered  as  an  emmetropic  eye,  with  a  convex  lens  added.  The  myopic  eye 
may  be  regarded  as  an  emmetropic  eye,  E,  with  a  convex  lens,  M,  representing  the  myopia  added. 
Such  a  lens  will  collect  rays  coming  from  its  focus,  R,  and  render  thera  parallel,  when  E,  the 
emmetropic  portion  of  the  eye,  will  focus  thera  upon  the  retina.  JV  N.  The  eye  is  thus,  by  Us  excess 
of  relraction  (represented  bv  the  lens  M),  naturally  adjusted  for  a  point,  R,  which  is.  therefore, 
its  far  point  The  focal  length  of  M=M  R-i.  e.,  the  amount  of  extra  refraction  produced  by  the 
myopia -is  equivalent  to  a  convex  lens  whose  focal  length  equals  the  distance  of  the  far  point  from 
the  eye. 

ception  of  myopia,  while  not  absolutely  accurate,  is  yet  essentially 
so,  and  is  so  far  justified  in  that  we  can  imitate  quite  precisely  the 
conditions  of  a  myopic  eye  by  actually  placing  an  appropriate  convex 
glass  before  an  emmetropic  eye.  Thus  if  an  emmetrope  wishes  to 
have  an  idea  of  how  a  myope  of  8  D.  sees,  let  hnn  place  an  8  D. 
convex  glass  before  his  own  eye.  Distant  objects  at  once  appear 
altogether  blurred  and  indistinguishable,  being  seen  simply  m  outlme 
or  only  as  a  uniform  blotch  of  black  and  white;  while  objects  just 
within  5"  will  appear  not  only  distinct,  but  also  magnified,  and 
furthermore  will  be  seen  without  accommodative  strain 

In  fact,  so  far  as  vision  is  concerned,  it  makes  httle  differeiice 
wlipther  one  is  continuously  using  2  D.  of  his  accommodation  (Fig.  46), 
or  has  a  +  2  D.  glass  before  his  eye  and  uses  no  accommodation,  or 
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is  myopic  2  D.  (Fig.  48.)  In  each  instance  he  will  be  adjusted  for 
a  distance  of  20" ;  at  this  distance  he  will  see  clearly,  and  beyond  it 
will  see  indistinctly,  because  he  sees  in  diffusion  images. 

This  surplus  of  refractive  power,  or  extra  lens,  M  (Fig.  48),  that 
a  myope  possesses  over  and  above  an  emmetrope,  is  the  measure  of 
his  myopia.  It  also  gives  us  directly  the  point  for  which  his  eye  is 
adjusted  without  the  exercise  of  any  effort  of  accommodation— -i.  e., 
gives  us  his  far  point.  For  if  R  is  the  far  point,  then  M  and  E  together 
will  focus  upon  N  N  rays  that  emanate  from  R.  But  to  do  this, 
M  must  make  these  rays  parallel,  for  then  E,  the  emmetropic  quota 
of  the  eye  which  is  adjusted  for  parallel  rays,  will  focus  them  properly. 
If,  however,  M  is  a  lens  that  renders  rays  coming  from  R  parallel, 
R  must  be  its  principal  (anterior)  focus.  That  is,  the  myopic  eye  may 
be  represented  as  equivalent  to  an  emmetropic  eye  to  which  has  been 
added  a  convex  glass  having  such  a  strength  that  its  principal  focus  will 
lie  precisely  at  the  far  point  of  the  eye. 


Fig.  49. 


R^ 


Course  of  emergent  rays  in  mj^opia.  Correction  of  myopia.  R,  the  far  point  of  the  myopic 
eye.  Rays  R  C,  R  C,  diverging  from  R  will  be  focused  by  C  C  (representing  the  cornea  and  crystal- 
line lens  collectively)  upon  the  retina  N.  So,  also,  if  N  is  illuminated  and  sends  out  rays,  N  C, 
N  C,  these  after  passing  bacli  through  C  C,  and  leaving  the  eye,  will  be  converged  so  as  to  meet  at 
-R  (principle  of  conjugate  foci)  and  will  lorm  there  a  real  inverted  image  of  N.  L.  the  concave  glass 
correcting  the  myopia,  placed  at  the  normal  distance  (one-half  inch)  in  front  of  the  eye.  £  will  give 
parallel  rays,  P  £,  p  i,  a  divergence  as  if  they  came  Irom  iJ— t.  e.,  will  make  them  lake  the  direction 
L  C,  L  C.  C  Ccan  then  focus  these  rays  upon  the  retina  N  jnst  as  if  they  had  started  from  A'  in  the 
fir.-t  place.  R  is  hence  the  principal  focus  of  L,  whose  focal  length,  therefore,  is  0  R.  If  £  is  shifted 
half  an  inch  further  out  (to  £').  its  focus  must  still  be  at  R.  and  its  focal  length  will  have  to  be  0'  JJ 
—i.  6.,  it  will  have  to  be  a  stronger  lens  than  L  in  order  to  give  parallel  rays  the  proper  direction. 


Correction  of  Myopia.  The  foregoing  conception  enables  us  at 
once  to  deduce  the  way  to  correct  myopia.  If  myopia  consists  in 
an  excess  of  refractive  power,  such  as  is  represented  by  a  convex  lens, 
M,  it  will  be  corrected  by  a  glass  that  will  perfectly  neutralize  M — 
i.  e.,  by  a  concave  glass  of  the  same  strength  or  focal  length.  This 
can  be  seen  even  more  readily  in  Fig.  49.  Here  R  represents  the 
far  point  of  the  eye,  and  L  the  lens  correcting  the  myopia.  Since  L 
corrects  the  myopia,  or,  in  other  words,  renders  the  eye  emmetropic, 
it  must  adjust  the  eye  for  parallel  rays.  As,  however,  the  eye  is 
naturally  adjusted  for  rays  that  are  already  divergent,  and,  in  fact, 
for  rays,  R  C,  R  C,  diverging  from  R,  the  correcting  glass,  L,  must  be 
such  as  to  make  parallel  rays  diverge  as  if  they  came  from  R.  Such 

(1 


82 


THE  EYE. 


a  glass  must  be  a  concave  lens,  and  its  focus  must  be  at  R.  We  see, 
therefore,  that  the  glass  which  corrects  the  myopia  of  an  eye  must  he 
a  concave  lens  whose  focus  is  at  the  far  point  of  that  eye. 

Myopia  is  usually  measured  by  the  strength  of  the  glass  that  cor- 
rects it.  Thus  we  speak  of  a  myopia  of  4  D.,  meaning  an  eye  whose 
correcting  lens  is  a  —  4  D.,  and  whose  far  point  consequently  is  about 
10"  in  front  of  the  eye.' 

The  efficiency  of  a  glass  in  correcting  myopia  will  vary  somewhat 
according  to  the  distance  of  the  glass  from  the  eye.  For,  no  matter 
where  the  correcting  glass  L  is  situated,  it  must  have  its  focus  at 
R,  the  far  point  of  the  eye,  in  order  to  give  parallel  rays  the  proper 
direction  for  the  eye  to  focus  them.  If,  then,  L  is  pushed  away  from 
the  eye,  say  to  L',  its  focal  length,  instead  of  being  R  L,  it  will  be  the 
shorter  distance  R  L' — i.  e.,  it  will  have  to  be  a  lens  of  shorter  focus, 
that  is,  of  greater  power,  in  order  to  do  the  same  work.  For  instance, 
if  a  given  myopia  is  corrected  by  a  glass  of —  10  D.  (=  4"  focal 
length)  placed  \"  from  the  cornea,  it  will  need  a  glass  of  3^"  focal 
length  (=  11.5  D.)  to  correct  the  myopia  when  the  glass  is  placed 
I"  from  the  cornea.  That  is,  what  would  be  a  proper  correcting  glass 
if  placed  V'  from  the  eye,  has  become  1.50  D.  too  weak  when  shoved 
furtlier  away.  We  see,  then,  that  the  strength  of  a  concave 
glass — i.  e.,  its  ability  to  correct  myopia — is  lessenedrif  the  glass  is  carried 
away  from  the  eye,  and  is  increased  if  the  glass  is  brought  nearer  the 
eye.  This  is  true  whether  the  concave  glass  is  used  for  distance  or 
for  near.  As  will  be  seen  from  the  above  example,  the  difference 
produced  in  this  way  with  strong  glasses  is  considerable. 

It  is  for  this  reason  that  we  see  persons  whose  glasses  do  not  fully 
correct  their  myopia  pushing  the  glasses  close  in  against  their  eye- 
lids in  order  to  see  distinctly  at  a  distance.  They  thus  in  effect 
increase  tlu^  effect  of  their  glasses. 

Accommodation  in  Myopia.  Near  Point.  The  myope  can,  without 
using  any  accommodation  at  all,  see  distinctly  an  object  situated 
comi)aratively  near  him,  namely,  at  his  far  point.  He  can  still, 
therefoi-e,  see  quite  near  objects  sharply,  even  if  his  accommodation 
is  paralyzed  with  atropine.  If,  however,  he  uses  his  accommodation, 
he  can  focus  down  upon  points  still  nearer.  When  he  uses  all  his 
accommodation  his  eye  is  adjusted  for  his  near  point.  Obviously 
this  will  be  nearer  to  his  eye  than  is  the  near  point  of  an  emmetrope 
having  an  equal  amount  of  accommodation.  Thus  an  emmetrope 
having  4  D.  of  accommodation  can,  by  using  the  utmost  accommo- 
dative effort,  see  an  object  situated  10"  from  his  eye.  A  myope 
of  4  D.  will  be  able  to  see  an  object  at  this  distance  without  using 
any  accommodation  at  all;  and  if  he  does  use  4  D.  of  accommo- 
dation in  addition,  he  will  be  able  to  see  an  object  at  5''  from  the 
eye.    For,  as  comparetl  with  the  emmetrope,  who  in  using  all  his 

1  This  .statement  is  not  quite  accurate  if,  as  should  properly  be  done,  the  distance  of  the  far  point 
is  reckoned,  not  from  the  point  where  the  glass  is  usually  placed,  but  from  the  nodal  point  of  the 
eye,  which  is  an  inch  further  back. 
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accommodation  has  in  effect  placed  a  +4  D.  glass  before  his  eye, 
he  is  like  a  person  who  has  a  +4  D.  glass  (representing  the  surplus  of 
refraction  clue  to  his  myopia)  combined  with  another  +4  D.  glass 
(representing  his  accommodation) — i.  e.,  he  is  in  effect  an  emme- 
trope  with  a  +8  D.  glass  before  his  eye,  or  an  emmetrope  who  is 
using  8  D.  of  accommodation. 

A  myope's  range  of  distinct  vision  is  obviously  very  limited,  even 
when  the  nearsightedness  is  of  low  degree.  Thus  a  myope  of  2  D. 
who  has  6  D.  of  accommodation,  and  has,  therefore,  a  far  point  at 
20"  and  a  near  point  at  5",  can  see  distinctly  through  a  range 
of  only  15".  The  higher  the  myopia  the  more  this  range  diminishes, 
and  in  fairly  high  degrees  it  becomes  practically  nil.  Thus  a  myope 
of  10  D.  with  an  accommodation  of  6  D.  would  have  a  range  of  only 
1.5"  (from  his  far  point  at  4"  down  to  his  near  point  at  2.5"). 

Some  compensation  for  this  limited  range  is  found  in  the  fact  that 
a  myope  in  doing  near  work  is  partly  or  wholly  independent  of  his 
accommodation.  Thus  a  myope  of  4  D.,  as  he  sees  distinctly  at  a 
distance  of  10"  without  using  any  accommodation,  will  never  need 
to  have  a  glass  for  reading,  no  matter  how  old  he  becomes.  A  myope 
of  even  2  D.  Mail  not  need  to  use  glasses  for  reading  nearly  so  soon  as 
an  emmetrope  will.  For,  while  the  latter  usually  has  to  get  glasses 
when  his  accommodation  is  reduced  to  4  D.,  or  when  he  is  about 
forty-three  years  old,  the  myope  of  2  D.  will  not  have  to  get  a  glass 
until  his  accommodation  is  reduced  to  about  1.5  D. — i.  e.,  at  the  age 
of  fifty-five  years.  For  the  same  reason  we  can  use  atropine  or 
homatropine  in  myopes  with  considerable  freedom,  as  we  can  assure 
them  that  the  instillation,  even  though  it  does  abolish  the  accom- 
modation, will  cause  them  little  or  no  interference  with  near  work. 

As  myopes,  and  particularly  myopes  of  fairly  high  degree,  need  to 
use  their  accommodation  so  little,  they  have  not  the  same  facility 
in  this  regard  as  emmetropes  and  hypermetropes.  When,  however, 
we  correct  a  myope  we  convert  him  suddenly  into  an  emmetrope,  and 
he  has  to  accommodate  like  one.  Naturally  this  sudden  assumption 
of  an  almost  disused  faculty  is  not  easy  for  many,  and,  indeed,  most 
myopes  find  difficulty  at  first  in  using  their  glasses  for  near  work. 
The  older  the  patient,  the  more  pronounced  this  difficulty  is.  It  is 
astonishing,  however,  with  what  ease  most  myopes  reacquire  this 
ability  to  use  their  accommodation,  man)^  doing  so  at  once,  and 
nearly  all  doing  so  in  a  very  short  time.  When,  however,  the  near- 
sight  exceeds  12  D.,  we  frequently  find  that  the  myope,  especially 
if  he  is  of  adult  age  and  has  not  used  suitable  correcting  glasses, 
cannot,  even  after  persistent  effort,  learn  to  use  as  strong  a  glass  for 
near  as  for  distance.  In  these  cases  the  accommodative  faculty  is 
actually  lacking,  and  this  is  due,  as  anatomical  researches  have 
shown,  to  atrophy  of  the  ciliary  nmscle. 

In  myopia  of  low  degree  the  accommodation  is  usually  quite  active, 
and  may  often,  indeed,  act  excessively,  producing  an  apparent  exag- 
geration of  the  nearsight.    The  accommodative  eff'ort,  in  other  words, 
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will  cause  an  excessive  bulging  of  the  crystalline  lens,  and  thus  add 
just  so  much  to  the  refractive  power  of  the  eye,  already  too  great. 
This  factitious  or  accommodative  myopia,  produced  by  spasm  of 
accommodation,  will  be  considered  later.  (See  under  "Varieties  of 
Myopia.") 

One  effect  of  the  disuse  of  accommodation  in  myopia  is  to  produce 
an  accommodative  convergence-insufficiency,  or  exophoria,  which  may 
develop  into  a  regular  divergent  squint,  which  at  first  is  periodic 
(marked  only  for  near),  afterward  constant.  An  exophoria,  and  in  " 
its  incipiency'  a  divergent  squint,  having  this  origin  may  be  corrected 
by  the  use  of  concave  glasses,  which  compel  the  patient  to  use  his 
accommodation,  and  hence  also  to  converge. 

Varieties  and  Causation  of  Myopia.  We  have  regarded  the  myopic 
eye  as  an  emmetropic  eye  with  a  surplus  of  refractive  power  added 
to  it.  This  is  true  of  many  cases.  That  is,  in  these  cases  the  eye 
is  of  normal  length,  but  the  cornea  or  lens  has  its  refractive  power 
increased,  so  that  the  two  together  focus  too  strongly  or  bring  the 
rays  together  too  soon.  This  overplus  of  refractive  power  may  be 
due  to  excessive  bulging  of  the  surfaces  of  the  cornea  or  lens 
(curvature  myopia),  or  to  changes  in  the  density  of  the  lens,  cornea, 
or  aqueous,  altering  their  index  of  refraction  (index  myopia).  In 
most  cases  of  myopia,  however,  the  cornea  and  lens  are  of  nearly 
normal  curvature  ancl  density,  the  eye  being  myopic  simply  be- 
cause it  is  too  long,  so  that  the  rays,  although  normally  focused, 
come  together  in  front  of  the  retina  (axial  myopia). 

A  transient  curvature  myopia  is  produced  in  what  we  call  spasm 
of  accommodation;  when  the  patient,  by  excessive  use  of  his  accom- 
modation, temporarily  increases  the  curvature  of  his  crystalline  lens 
above  the  proper  amount.  This  accommodative  myopia  may  happen 
(1)  as  the  result  of  excessive  near  work ;  or  (2)  from  the  effort  of  trying 
to  see  by  a  poor  light;  or  (3)  of  trying  to  see  when  the  sight  is  obscured 
by  an  opacity  of  the  cornea  or  lens.  It  may  also  (4)  result  from  the 
effort  to  see  more  distinctly  in  astigmatism,  and  (5)  it  frequently  is 
produced  by  the  effort  of  accommodation  expended  in  overcoming  a 
concave  glass.  An  emmetrope  or  a  hypermetrope  with  good  accom- 
modation can  see  as  well  with  a  — 1  D.  glass  as  without  it,  because 
he  almost  immediately  contracts  his  ciliary  muscle,  bulges  out  his 
crystalline  lens,  and  thus  gives  his  eye  an  additional  refractive  power 
of  1  D.,  which,  acting  like  a  convex  lens  of  that  strength,  neutralizes 
the  concave  glass.  By  a  similar  process  a  man  who  is  actually  myopic 
1  D.  will  see  as  well  with  a  —2  D.  as  with  a  —1  D.  glass. 

The  spasmodic  contraction  of  the  ciliary  muscle  by  which  a  man 
may  thus  apparently  increase  his  myopia  if  he  is  really  myopic,  or 
simulate  a  myopia  when  he  is  actually  emmetropic  or  hyperopic,  is 
called  spasm  of  accommodation.  It  may  be  transient  or  last  for  a 
considerable  period — years  even— according  as  the  causes  which 


1  And  even  if  of  several  years'  standing. 
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produce  it  are  transitory  or  permanent.  Homatropine,  or,  in  the  case 
of  a  persistent  spasm,  atropine,  repeatedly  instilled  will  abolish  the 
spasmodic  contraction  of  the  muscle  and  with  it  the  factitious  myopia. 
This  means  of  diagnosis  should  always  be  employed  when  there  is  a 
suspicion  of  spasm  of  accommodation,  and,  as  experience  shows  us 
that  in  people  below  forty-five  years  of  age  a  spasm  of  this  sort  very 
frequently  exists,  it  is  important  to  use  homatropine  or  atropine 
whenever  we  can  in  our  examination  of  the  refraction.  Otherwise  we 
shall  often  estimate  the  myopia  too  high  or  the  hyperopia  too  low. 
(See  remarks  upon  "The  Use  of  Cycloplegics,"  later  on.) 

Permanent  curvature  myopia  is  usually  dependent  upon  structural 
changes  in  the  cornea  or  lens,  due  to  disease.  Examples  are  the 
myopia  of  conical  cornea  and  that  associated  with  many  opacities 
of  the  cornea,  and  the  myopia  produced  by  a  crystalline  lens  which 
is  dislocated,  and,  being  thus  freed  from  the  tension  of  its  suspensory 
ligament,  bulges  out  because  of  its  own  elasticity.  Permanent  curva- 
ture myopia  is  associated  almost  always  with  astigmatism,  often  of 
the  irregular  variety. 

An  example  of  index  myopia  is  that  often  occurring  in  the  develop- 
ment of  cataract,  when  the  lens,  owing  to  alterations  in  its  density,  and 
especially  to  sclerosis  of  its  nucleus,  becomes  more  refractive.  This 
myopia,  which  may  amount  to  several  dioptres,  is  often  also  asso- 
ciated with  astigmatism,  as  the  increase  in  density  does  not  take 
place  in  all  parts  of  the  lens  to  the  same  degree. 

The  transient  myopia  often  developing  in  iritis^  is  held  by  some 
to  be  an  example  of  index  myopia,  the  increase  in  refractive  power 
being  attributed  to  increased  density  of  the  aqueous.  It  is  doubtful, 
however,  whether  this  explanation  is  valid. 

Axial  myopia  is  by  far  the  most  common  variety.  It  is  due  to 
the  gradual  elongation  of  the  eye  which  occurs  in  childhood  and 
in  youth,  and  which  causes  a  gradual  recession  of  the  retina.  This 
process  occurring  normally  in  all  eyes,  occurs  excessively  in  myopes, 
and,  as  it  goes  on,  tends  to  make  them  more  and  more  nearsighted. 
Every  millimetre  of  such  recession  corresponds  to  an  increase  of  about 
3  D.  in  the  myopia. 

The  elongation  in  myopia  affects  almost  exclusively  the  back  part 
of  the  eye,  which  loses  its  globular  form  and  bulges  out  in  the  form 
of  an  egg.  The  end  of  this  egg-shaped  figure  lies  about  at  the  yellow 
spot,  and  the  parts  in  the  vicinity  of  the  latter  consequently  suffer 
the  most  from  the  stretching  produced  by  the  elongation  of  the  eye. 
The  parts  in  front  of  the  lens,  on  the  contrary,  suffer  little  change, 
the  cornea  retaining  its  curvature,  and  the  anterior  chamber  its  normal 
depth. 

The  reason  for  this  excessive  elongation  of  the  back  part  of  the  eye 
—the  reason,  that  is,  for  the  development  and  progress  of  myopia- 
has  not  been  satisfactorily  determined.    There  must  be  some  cause, 


1  Amounting  sometimes  to  2  D.  or  more. 
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eitiicr  external  force  or  internal  pressure,  acting  to  distend  the  back 
of  the  eyeball.  This  cause  has  been  variously  considered  to  be  the 
pressure  of  the  external  muscles,  especially  the  obliques,  undue 
accommodative  action,  the  traction  of  the  optic  nerve,  etc. 

Whatever  the  cause,  it  is  held  usually  to  be  one  that  is  particu- 
larly active  when  the  eyes  are  used  for  near  work.  Statistics  are  forth- 
coming in  abundance  which  seem  to  show  that  myopia  increases  -pari 
passu  with  the  amount  and  complexity  of  the  work  to  which  the  eyes 
are  subjected.  Thus  it  has  been  made  (juite  certain  that  myopia  is 
of  lower  degree  and  also  less  prevalent  in  the  lower  schools  than  it 
is  in  the  higher  schools  and  in  the  colleges;  and  the  inference  has 
been  drawn  that  the  myopia  results  in  the  first  instance  from  the 
moderate  application  of  the  eyes  in  the  lower  schools,  and  is  then 
enhanced  by  the  further  and  greater  strain  imposed  upon  the  eyes 
by  the  more  complex  work  of  the  higher  schools.  This  inference, 
altliough  perhaps,  in  part,  correct,  is  not  really  warranted  by  the 
statistics,  for  myopia,  being  a  progressive  affection,  and  increasing 
naturally  with  age,  would  of  necessity  be  more  frequent  and  of  higher 
grade  in  the  older  pupils,  whether  they  used  their  eyes  for  near  work 
or  not.  Moreover,  it  is  quite  frequently  the  case  that  myopia,  espe- 
cially myopia  of  high  degree  and  rapid  progress,  develops  in  those  who 
do  not  use  their  ey(\s  for  near  work  at  all.  Thus  it  is  fairly  common 
in  pea.saiits  who  lead  an  out-of-tloor  life  and  who  cannot  read  nor 
write.  The  influence,  then,  of  near  work  in  producing  myopia,  although 
undoubtedly  marked,  has  jjrobably  been  considerably  overrated. 

In  any  case,  the  use  of  the  eyes  for  near  work  is  not  the  sole  cause 
of  myopia.  It  is  at  most  the  exciting  cause.  For  of  two  children 
of  the  same  age,  and  both  subjected  to  the  same  kind  of  work  in  the 
same  school,  one  will  become  nearsighted,  and  the  other  will  remain 
hyperopic  or  become  simply  emmetropic.  There  must  be  some  pre- 
disposing cause  acting  in  the  former  case  to  produce  the  myopia. 
As  such  predisposing  causes  have  been  alleged  the  shape  of  the  orbit 
(a  low,  broad  orbit  being  supposed  to  favor  the  development  of 
myopia),  abnormal  insertion  of  the  external  muscles,  especially  of  the 
obliques,  insufficiency  of  the  interni,  etc.  A  more  important  cause 
probably  than  any  of  these  is  a  natural  distensibility  of  the  back  of 
the  eye,  allowing  it  to  recede  under  the  influence  of  even  a  normal 
pressure.  Whatever  the  predisposing  causes  are,  they  seem  to  be 
inheriled,  for  myopia,  and  particularly  the  rapidly  progressive  form 
of  it,  tends  to  run  in  families.  Consanguinity  in  the  parents  also 
seems  to  have  some  effect  in  producing  it. 

Complications  of  Myopia.  Myopia  is  associated  quite  frequently 
with  complications  of  the  fundus.  The  chief  of  these  are  the  so-called 
crescent  or  conus;  rarefaction  and  other  degenerative  changes  of  the 
choroid,  grouped  under  the  name  of  sclero-choroiditis  posterior;  actual 
central  choroiditis;  hemorrhages  in  the  choroid  or  retina;  the  formation 
of  a  black  spot,  probably  due  to  pigment  proliferation  in  the  macula 
lutea;  and  detachment  of  the  retina. 
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Of  the  conus,  three  varieties  may  be  distinguished  : 

First,  there  is  the  congenital  form,  skirting  the  lower  border  of  the 
papilla.  This  variety,  which  is  attributed  to  an  arrest  of  develop- 
ment (non-closure  of  the  foetal  fissure),  is  usually  associated  with  a 
moderate  degree  of  myopia  and  astigmatism,  although  it  often  also 
occurs  in  hyperopia  eyes.  The  myopia  found  with  a  congenital  conus 
may  be  progressive,  although  in  many  cases  it  remains  stationary 
through  life,  and  the  conus  inferior  as  such  has  no  special  signifi- 
cance in  indicating  an  advance  of  the  myopia. 

The  second  form  of  conus  occurs  as  a  moderately  large,  sharply  de- 
fined white  crescent,  skirting  the  temporal,  or,  more  rarely,  the  nasal, 
side  of  the  disk.  It  may  be  combined  with  the  inferior  conus,  or  it 
may  encroach  on  the  upper  border  of  the  disk.  This  form  is  the 
regular  concomitant  of  myopia  of  moderate  degree,  that  is,  up  to 
10  D.  Yet  it  is  absent  in  not  a  few  cases  of  myopia,  even  in  those 
of  considerable  amount,  and  frequently  is  found  with  emmetropia 
or  with  hyperopia.  In  itself,  if  unassociated  with  rarefaction  of  the 
adjacent  choroid,  it  does  not  argue  an  active  progression  of  the 
myopia,  and  is  not  to  be  regarded  as  pathological. 

The  third  form  of  conus  is  the  large  triangular  or  irregularly  oval 
white  patch  of  atrophy  with  ill-defined  borders,  or  with  a  series  of 
concentric  borders  (terraced  conus).  This  may  occupy  the  temporal 
side  of  the  papilla  or  spread  so  as  to  envelop  the  latter  on  all  sides 
(annular  conus).  It  is  found  regularly  with  myopia  of  10  D.  or  more, 
sometimes  also  with  myopia  of  less  amount.  It  always  indicates 
progression  of  the  myopia,  and  is  to  be  regarded  as  one  of  the  mani- 
festations of  a  sclero-choroiditis  posterior,  other  evidences  of  which 
are  almost  invariably  present.  It  is,  therefore,  a  pathological  phe- 
nomenon. 

Sclero-choroiditis  posterior,  under  which  term  may  be  included  all 
forms  of  rarefaction  and  atrophy  of  the  choroid,  with  or  without  the  de- 
position of  pigment,  occurs  regularly  with  myopia  of  more  than  10  D., 
and  sometimes  also  with  myopia  of  only  5  or  6  D.  Whenever  present,  it 
indicates  advance  of  the  myopia,  and  shows  that  we  are  dealing  with 
an  abnormally  distensible  or,  at  all  events,  an  abnormally  distending 
eye.  Very  rarely  indeed  a  myopia  of  more  than  10  D.  is  found  without 
conus  and  without  evidences  of  rarefaction  of  the  choroid. 

The  other  fundus  changes — viz.,  hemorrhages,  degenerative  and 
inflammatory  alterations  in  the  yellow  spot,  and  detachment  of  the 
retina — occur  with  moderate  frequency  in  myopia.  Statistics  seem 
to  show  that,  contrary  to  the  usual  opinion,  these  accidents  are  not 
much  more  common  in  the  very  high  degrees  of  myopia  than  in 
myopia  of  5  or  6  D.  But  inferences  drawn  from  statistics  are  not 
entirely  trustworthy.  These  accidents  are  more  likely  to  occur  after 
the  ordinary  changes  of  myopia  (sclero-choroiditis  posterior,  etc.) 
have  lasted  a  long  time. 

Progress  of  Myopia.  Myopia  is  rarely  congenital.  Some  of  the 
cases  associated  with  an  inferior  conus,  no  doubt,  date  from  birth, 
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and  some  other  congenital  cases  are  probably  due  to  disease  of 
the  eye  occuring  in  utero.  But  in  the  overwhelming  majority 
of  cases  myopia  is  an  acquired  affection  which  develops  between 
the  ages  of  five  and  twenty.  Three  classes  of  cases  may  be  dis- 
tinguished. 

In  the  first  class  of  cases  the  myopia  never  exceeds  2  D.  Such 
a  myopia  may  develop  in  late  childhood  or  in  youth,  in  which  case 
its  advance,  if  not  arrested  sooner,  ceases  at  the  age  of  twenty-one 
or  twenty-two,  when  the  patient  attains  full  growth.  A  myopia 
of  this  sort  may  also  start  in  adult  life,  and  is  then  generally  the 
result  of  excessive  use  of  the  eyes  for  near  work.  This  low  myopia 
is  usually  associated  with  astigmatism.  It  is  probable  that  this 
association  is  not  fortuitous,  but  that  the  astigmatism  is  the  cause 
of  the  myopia  ;  that  is,  a  patient  starting  with  hyperopic  astigma- 
tism, converts  this  in  his  efforts  to  see  distinctly  first  into  a  mixed 
and  then  into  a  myopic  astigmatism.  Myopia  of  this  amount  is 
not  usually  associated  with  a  conus. 

In  the  second  class  of  cases  the  maximum  pitch  to  which  the  myopia 
attains  is  about  to  2  to  10  D.  Such  myopia  develops  in  childhood 
especially  during  the  school  age,  and  tends  to  increase  up  to  the 
age  of  twenty-one  or  twenty-two,  when,  with  rare  exceptions,  it 
comes  to  a  stop.  Its  advance  appears  to  be  directly  proportional 
to  the  demantls  made  upon  the  eyes  in  school-work.  Hence  myopia 
of  this  kind  is  often  called  "  school  myopia."  Yet,  as  before  remarked, 
there  is  probably  no  actual  intimate  relation  in  most  cases  between 
school-work  and  the  progress  of  myopia.  Excessive  near  work  may 
initiate  a  myopia,  but  is  not  probably  the  main  factor  in  causing 
its  advance  after  it  has  started. 

Myopia  of  this  kind  is  often  accompanied  with  astigmatism.  It  is 
generally  associated  with  a  simple  temporal  or  nasal  conus,  and  not 
with  the  pi-ogressive  (large,  terraced,  or  annular)  conus,  nor  with  true 
sclero-choroi( litis  posterior. 

In  the  (Jiird  class  of  cases  the  myopia  begins  in  early  childhood, 
increases  rapidly  during  the  growing  period  (often  reaching  10  or 
12  D.  at  the  age  of  ten),  and  so  far  from  coming  to  a  stand-still  at 
twenty-one,  keeps  on  increasing  in  adult  life,  so  as  ultimately  to 
attain  15  to  20,  or  even  25  to  30  D.  This  kind  of  myopia  bespeaks 
an  unusually  yielding  and  distensible  eye.  It  is  almost  invariably 
associated  with  a  large  conus  and  marked  sclero-choroiditis  posterior, 
which  may  develop  long  before  the  myopia  has  reached  a  high  grade. 

In  contradistinction  to  the  other  kind,  this  form  of  myopia  is 
denoted  as  progressive  or  pernicious. 

This  form  is  distinctly  pathological.  It  does  not  develop  particu- 
larly as  the  result  of  excessive  near  work,  and,  indeed,  occurs  com- 
paratively often  in  those  who  use  their  eyes  but  little.  It  occurs  more 
often  in  the  foreign  born  than  in  native  Americans,  and  more  often 
in  dispensary  patients  than  in  the  well-to-do.  It  is,  in  fact,  a  vice 
of  development. 
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The  elongation  of  the  eye  in  many,  and  probably  in  most  cases  of 
myopia,  takes  place  discontinuously ,  so  that  the  nearsightedness  will 
remain  at  the  same  point  for  perhaps  several  years,  and  then  sud- 
denly make  an  advance.  This  is  shown  in  many  cases  by  the  presence 
of  a  terraced  crescent  adjoining  the  papilla,  each  terrace  representing 
a  period  of  renewed  progress. 

It  should  be  noted  that  not  all  cases  of  progressive  myopia  are  due 
to  elongation  of  the  back  of  the  eyeball.  The  advance  may  be  due 
to  rapid  increase  in  the  corneal  curvature,  as  in  true  lenticonus,  and 
also  in  certain  other  cases  not  strictly  classifiable  under  this  head. 
It  should  also  be  remembered  that  mixed  cases  of  curvature  and  axial 
myopia,  due  to  changes  in  the  curvature  in  the  cornea  and  lens  com- 
bined with  elongation  of  the  eyeball,  are  not  uncommon. 

Vision  in  Myopes.  Myopes  have  very  hazy  sight  for  distance. 
The  myope  of  2  D.  rarely  has  more  than  2/100  vision;  one  with  4  D. 
cannot  count  fingers  across  the  room;  and  in  the  higher  degrees  of 
nearsight  the  blurring  is  still  more  pronounced.  This  blurring  is 
enhanced  by  the  dilatation  of  the  pupils  which  is  usually  present  in 
such  cases,  and  which  acts  by  enlarging  the  diffusion  images. 

For  near  points  myopes  have  very  good  vision — in  fact,  sharper 
vision  than  emmetropes,  since  near  objects  appear  to  them  larger 
than  they  do  to  emmetropes.  Moreover,  as  myopes  do  not  have  to 
use  their  accommodation,  even  when  the  object  is  quite  near,  they 
see  such  an  object  without  accommodative  strain.  As  an  offset  to 
this,  it  often  happens  that  they  have  to  hold  an  object  so  close  to 
see  it  distinctly  that  they  cannot  keep  both  eyes  converged  upon  it, 
and,  hence,  get  into  the  way  of  looking  with  only  one  eye  at  a  time, 
allowing  the  other  eye  to  diverge.  They  thus  have  only  monocular 
vision. 

With  glasses,  the  vision  in  myopia  of  low  and  medium  degrees  is 
generally  nearly  or  quite  normal.  In  myopia  of  over  12  D.  the  vision 
is  seldom  better  than  20/40,  and  in  myopia  of  20  D.  or  over  we  rarely 
get  better  than  20/70  or  even  20/200.  Yet  if  marked  fundus  changes 
are  absent  the  sight  may  be  much  better  than  this;  and  I  have  seen 
a  myope  of  20  D.  with  a  vision  of  15/20. 

In  cases  with  congenital  inferior  conus  the  vision  is  likely  to  be 
subnormal,  although  if  the  refraction  be  corrected  carefully  the 
vision  may,  in  many  cases,  be  brought  up  to  nearly  or  quite  the 
normal  amount. 

In  myopia  with  marked  sclero-choroiditis  posterior  the  vision  is 
scarcely  ever  normal,  and  if  there  are  hemorrhages,  degenerative  or 
inflammatory  changes,  or  a  pigment  spot  in  the  macula,  the  sight 
will  be  damaged  greatly  and  irreparably. 

External  Evidences  of  Myopia.  If  there  is  much  myopia,  the  eye 
is  often  unusually  prominent  ("pop-eye"),  ancl  the  pupil  is  likely  to 
be  dilated.  This  dilatation  is  attributed  to  the  disuse  of  accommoda- 
tion, or  more  probably  of  the  convergence,  for  when  the_  accommo- 
dation and  convergence  are  relaxed  the  pupil  regularly  dilates. 
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Myopes  also  scjuint  the  eyelids  in  order  to  diminish  the  size  of  the 
pupil,  and  thus  to  lessen  the  size  of  the  diffusion  images.  For  the 
same  reason  myopes  incline  the  head  forward,  as  by  so  doing  they 
partially  cover  the  pupil,  and  so  look  through  a  narrower  chink. 

The  most  striking  feature,  and  one  that  the  laity  take  as  a  sign  of 
nearsightedness,  is  the  mamier  in  which  the  myope  holds  objects 
close  up  to  his  eyes  in  order  to  see  them,  thus  bringing  the  object 
within  his  far  point.  This,  however,  is  not  an  absolute  evidence 
oi  nearsightedness,  being  sometimes  due  merely  to  habit,  some- 
times, also,  as  we  shall  see  later,  being  found  in  hyperopia  of'  a  high 
degi'ee. 

Hyperopia.  Far  Point  in  Hyperopia.  A  patient  with  uncorrected 
hyperopia  sees  in  diffusion  images.  Consequently  his  sight  is  bluiTed, 
and  the  more  so  the  higher  the  hyperopia.  His  natural  distant  vision 
then  is  poor;  but,  contrary  to  what  takes  place  in  myopia,  his  vision 

Fig.  50. 
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Far  point  in  hyperopia  and  course  of  emergent  rays;  correction  of  hyperopia  by  accommoda- 
tion or  by  a  convex  glass.  R,  tlie  far  point  of  the  hyperopia  eye.  Rays  .such  as  D  C R,  D  C  It,  con- 
verging toward  R,  will  by  the  lens  C  C (representing  the  cornea  and  crystalline  lens  collectively)  be 
given  the  additional  convergence  CN,  C N,  so  as  to  bo  focused  upon  the  retina  N.  So.  also,  if  N  is 
illuminated  and  sends  out  rays  2VC.  N  C,  back  through  the  eye,  these  rays,  after  passing  through 
CCand  emerging  Irom  the  eye,  will  take  the  direction  CD,  CD,  as  if  they  diverged  from  iS  (prin- 
ciple of  conjugiite  foci),  and  will  form  an  erect  virtual  image  of  N,  which  will  appear  to  be  at  fl. 
//,  supplementary  lens  correcting  the  hyperopia.  H  may  be  either  an  actual  glass  lens  (artificial  cor- 
rection) or  may  represent  the  extra  bulging  of  the  crystalline  lens,  produced  by  the  accommodation 
(natural  correction).  In  the  former  case,  Z7must  be  of  such  a  strength  that  It  will  make  the  parallel 
rays  IS  H,  li  II,  take  the  direction  D  C  R,  D  C  R,  and  converge  to  R,  for  if  they  are  given  this  con- 
vergence the  lens  C  Ccan  then  focus  them.  R  must  then  be  the  principal  focus  of  the  lens  H,  and 
0  R  its  focol  length.  If  the  lens  H  is  moved  out  to  IP,  its  focus  must  still  be  at  R  for  it  to  give  par- 
allel rays  the  proper  couvergence,  so  that  it-s  focal  length  will  now  be  0'  li—i.  e.,  H'  will  be  a  lens  of 
longer  focus— i.  e.,  a  weaker  lens  than  /f— and  yet  do  the  same  work. 

for  near  objects  is  poorer  still,  for  if  his  eye  is  naturally  so  weakly 
refractmg  that  it  cannot  focus  even  parallel  raj^s  upon  the  retina, 
still  less  will  it  focus  rays  which,  coming  from  a  near  object,  are  already 
divergent,  and  hence  are  just  so  much  the  more  difficult  to  converge. 

The  far  point  of  the  hyperopic  eye,  therefore,  that  is,  the  point 
for  which  it  is  naturally  adjusted  without  any  effort  of  accommo- 
dation, is  neither  at  far  distance,  as  in  emmetropia,  nor  at  any 
nearer  point,  as  in  myopia. 

Where,  then,  is  the  far  point  in  hyperopia?  Or  to  put  the  question 
in  another  way.  If  the  eye  is  neither  adjusted  for  parallel  ra3^s,  as  in 
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eminetropia,_nor  for  divergent  rays,  as  in  myopia,  for  what  kind  of 
rays  is  it  adjusted? 

The  answer  to  this  question  is  simple.  The  hyperopia  eye  (Fig.  50) 
will  not  be  able  to  focus  the  parallel  rays  B  B  upon  the  retina  N, 
because  it  cannot  give  them  quite  the  amount  of  convergence  required 
—cannot,  we  may  say,  bend  them  quite  strongly  enough.  But  it 
will  focus  rays  like  D  C,  D  C,  that  are  already  convergent  to  a  certain 
amount,  and  which  will,  therefore,  require  a  less  amount  of  additional 
convergence  or  bending  to  bring  them  together  at  N.  Rays  like  D  C, 
D  C,  if  not  intercepted  by  the  eye,  would  meet  at  some  point,  as  R,  back 
of  the  latter.  We  say,  then,  that  the  hyperopic  eye  is  adjusted  for 
or  will,  without  accommodative  effort,  focus  rays  that  are  converging 
toward  the  point  R,  lying  back  of  the  eye.  The  point  R  is  then  the 
far  point  of  the  hyperopic  eye. 

The  less  the  refractive  power  of  the  eye,  that  is,  the  less  additional 
convergence  it  is  able  to  impart  to  the  rays  impinging  upon  it,  the 
greater  must  be  the  initial  convergence  of  the  rays  C  C  which  can 
be  focused  by  it  upon  the  retina.  But  the  more  C  C  converge  the 
closer  will  R  be  to  the  eye.  Hence  we  see,  the  higher  the  hyperopia 
the  closer  the  far  point. 

Correction  of  Hyperopia.  The  hyperopic  eye  is  like  a  camera 
wliich  is  out  of  focus  because  the  sensitive  plate  is  too  close  to  the 
lens.  Such  a  camera  may  be  put  in  focus  either  by  carrying  the 
plate  back  to  its  proper  place,  or  by  leaving  the  plate  where  "it  is  and 
adding  to  the  strength  of  the  camera  lens. 

In  the  eye  both  methods  of  compensation  are  possible.  The  eye 
may  lengthen,  and  thus  shift  the  retina  back  to  a  point  where  parallel 
rays  will  be  focused  upon  it.  Such  an  elongation  of  the  eye  actually 
takes  place  during  the  growing  period,  and  thus  the  hyperopia  origin- 
ally present  in  most  eyes  is  gradually  lessened  or  even  entirely  neu- 
tralized. 

This  process,  however,  is  one  that  goes  on  very  gradually,  and, 
even  if  it  took  place  very  much  faster  than  it  does,  it  could  not  be 
utilized  for  the  rapid  correction  of  hyperopia.  This  must  be  effected, 
then,  by  adding  in  some  way  to  the  deficient  refractive  power  of 
the  eye. 

In  the  natural  eye  this  is  accomplished  by  accomm,odation.  The 
ciliary  muscle,  acting  in  quite  the  same  way  as  it  does  when  the 
emmetropic  eye  focuses  down  from  a  distant  to  a  near  object,  causes 
the  crystalline  lens  to  bulge,  and  thereby  increases  its  refractive  power 
by  the  requisite  amount.  The  conditions,  in  other  words,  are  pre- 
cisely those  shown  in  Fig.  50,  where  the  lens  C,  representing  the 
cornea  and  crystalline  lens  of  the  hyperopic  eye,  is  supplemented  by 
the  lens  TI,  which  represents  the  additional  refractive  power  put 
forth  by  the  accommodation.  The  conditions  that  will  be  observed 
are  analogous  to  those  shown  in  Fig.  46. 

The  ability  of  the  eye  to  put  forth  this  accommodative  effort,  and 
thereby  neutralize  its  hyperopia,  will  obviously  diminish  as  the  elas- 
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ticity  of  the  crystulline  lens  diiriiiiishes.  It  will,  therefore,  decrease 
steadily  with  age.  It  will  also  be  reduced  by  anything  that  impairs 
the  power  of  the  ciliary  muscle,  and  will  be  entirely  abrogated  by  a 
cycloplegic  like  atropine. 

We  may  then  neutralize  hyperopia  by  a  certain  accommodative 
effort,  producmg  an  mcrease  of  refraction  represented  by  the  lens  H 
(Fig.  50). 

We  may  also  produce  such  an  increase  in  refi-action  by  a  glass 
lens  placed  directly  before  the  eye.  Theoretically,  at  least,  it  makes 
no  difference  whether  H  is  actually  a  lens  of  glass  or  simply  represents 
the  extra  bulging  of  the  crystalline  lens  produced  by  the  ciliary 
muscle.  The  hypermetrope  focused  for  distance  is,  in  fact,  in  the 
same  position  as  the  emmetrope  focused  for  near.  In  either  case,  it 
makes  no  difference,  so  far  as  vision  is  concerned,  whether  the  focusing 
is  done  by  accommodative  power,  or  by  a  glass  lens,  or  partly  by 
one  means  and  partly  by  the  other. 

Naturally,  then,  hyperopia  is  corrected  by  accommodation  and 
artificially  by  a  convex  lens  which  either  neutralizes  all  the  hyper- 
opia or  so  much  of  it  as  the  accommodation  fails  to  correct. 

The  amount  of  hyperopia  is  usually  measured  in  terms  of  the  glass 
that  completely  corrects  it.  What,  then,  will  be  the  strength  of 
this  glass? 

If  we  revert  to  Fig.  50,  we  see  that  the  refracting  media  of  the  eye 
represented  by  the  single  lens  C  will,  unaided,  bring  to  a  focus  upon 
the  retina  I'ays  having  the  direction  D  R,  D  R — i.  e.,  rays  which  are 
already  converging  toward  the  eye's  far  point,  R.  The  lens//,  there- 
fore, which  will  adjust  the  eyes  for  parallel  rays,  must  be  just  suffi- 
ciently strong  to  make  the  parallel  rays  take  this  same  direction,  D  R, 
and  converge  toward  R.  If  it  does  this  much  of  the  work,  C  will  do  the 
rest  and  will  focus  the  rays  upon  the  retina.  But  a  lens  which  makes 
parallel  rays  converge  to  /?  is  a  lens  whose  principal  focus  is  at  R; 
hence  the  glass  which  completely  corrects  the  hyperopia  is  a  convex  lens 
having  its  principal  focus  at  the  far  point  of  the  hyperopic  eye.  (Compare 
the  statement  made  in  regard  to  the  correction  of  myopia,  page  82.) 

Just  as  in  the  case  of  myopia,  the  strength  of  the  correcting  lens 
in  hyperopia  will  vary  according  to  its  distance  from  the  eye.  R  being 
the  principal  focus  of  the  correcting  glass  H,  H  R  is  its  focal  dis- 
tance. If  H  is  moved  away  from  the  eye  to  H',  it  will  still  give 
parallel  rays  the  proper  convergence  ;  that  is,  will  still  correct  the 
hyperopia,  provided  its  principal  focus  is  at  R.  Its  focal  distance 
now,  however,  is  H'  R,  which  is  greater  than  H  R.  Since  the  strength 
of  lenses  diminishes  as  their  focal  distances  increase,  the  lens  placed  at 
H'  will  not  need  to  be  as  strong  to  do  the  same  work  as  if  placed  at 
H.  Or,  to  put  the  case  in  another  way,  the  effect  of  a  convex  glass 
in  correcLing  hyperopia  is  heightened  if  the  glass  is  carried  away  from 
the  eye,  and  is  diminished  if  it  is  carried  toward  the  eye.  In  case  of  a 
high  hyperopia  the  difference  produced  in  the  correcting  glass  in  this 
way  may  be  considerable.    Thus  a  patient  who  has  had  a  cataract 
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extracted  and  is  wearing  a  +11  D.  will  alter  its  strength  by  a  whole 
dioptre  if  he  shifts  its  position  one-third  inch  forward  or  back. 

It  should  be  carefuUj^  noted  that  in  general  this  increase  in  strength 
produced  in  a  convex  glass  by  shifting  it  away  from  the  eye  applies 
only  when  the  glass  is  used  for  distant  vision.  When  a  convex 
glass  is  used  for  reading,  its  strength  is  diminished  by  carrying  it  off 
from  the  eye,  provided  the  patient  is  emmetropic  or  but  little  hyper- 
opic.  If,  however,  his  hyperopia  is  more  than  4  D.,  and  in  some 
cases  (e.  g.,  when  he  holds  a  book  far  off),  if  his  hyperopia  is  no.  more 
than  3  D.,  he  would  increase  the  effect  of  his  glass  by  carrying  it  off 
from  the  eye. 

The  true  reason  why  many  presbyopes,  even  though  emmetropic, 
push  their  reading-glass  away  from  the  eyes  when  it  is  too  weak, 
is  that  they  thereby  increase  the  size  of  their  retinal  images,  although 
at  the  same  time  they  make  them  less  distinct. 

The  far  point  of  the  hyperopic  eye  can  be  determined  directly 
from  the  strength  of  the  correcting  lens.  Thus  in  hyperopia  of  4  D. 
(or  one  corrected  by  a  10-inch  lens)  the  far  point  is  10"  behind  the  eye. 

Accommodation  in  Hyperopia.  Near  Point.  The  uncorrected  hyper- 
opic eye,  as  we  have  seen,  has  used  up  a  certain  amount  of  its  ac- 
commodation in  order  to  neutralize  its  hyperopia  and  to  see  distinctly 
at  a  distance.  It  has,  consequently,  only  a  residue  of  accommodation 
left  for  focusing  clown  upon  a  near  point.  As  compared  with  an 
emmetropic  eye,  therefore,  having  the  same  accommodative  power, 
it  cannot  see  objects  as  close.  Thus  a  hyperope  of  2  D.  who  has  6  D. 
of  accommodation  will,  after  neutralizing  his  hyperopia,  have  only 
4  D.  left  to  use  in  focusing  upon  near  objects.  His  near  point,  there- 
fore, will  be  at  about  10",  and  he  can  see  an  object  that  far 
off  only  by  using  the  whole  of  his  accommodation;  while  the  emme- 
trope  with  the  same  accommodative  power  will  still  have  2  D.  left 
when  viewing  an  object  at  this  distance,  and  by  using  all  of  his 
accommodation  can  focus  down  to  7".  As  a  hyperope  and  an 
emmetrope  of  the  same  age  have  about  the  same  amount  of  accom- 
modation, it  follows  that  the  hyperope  will  become  presbyopic, 
that  is,  require  glasses  for  reading,  considerably  sooner  than  the 
emmetrope  will.  For,  as  is  evident  from  Fig.  56,  his  near  point 
has  receded  further  than  the  emmetrope's — in  fact,  is  as  far  off 
as  is  that  of  an  emmetrope  who  is  a  number  of  years  older. 

As  an  offset  to  this,  it  should  be  noted  that  the  hyperope's  accom- 
modation, while  not  greater  in  amount  than  that  of  the  emmetrope 
or  myope  of  the  same  age,  is  in  constant  exercise  and  is  more  readily 
maintained.  In  consonance  with  this,  we  find  that  in  hyperopes 
the  ciliary  muscle  is  particularly  well  developed. 

The  excess  of  accommodation  which  the  hyperope  has  to  put  forth 
leads  frequently  to  accommodative  convergence-excess,  which  may 
remain  as  an  esophoria,  or  may  lead  to  a  convergent  squint  that  is 
at  first  marked  only  for  near  points,  but  afterward  becomes  pro- 
nounced both  for  distance  and  near. 
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_  In  some  cases  of  hyperopia  the  accommodation  may  be  called 
mto  play  so  excessively  as  to  over-correct  the  error,  even  for  distance, 
and  thus  render  the  patient  apparently  mT/o/jic.  This  is  especially 
the  case  if  astigmatism  is  present  or  if  the  patient  has  used  im- 
proper glasses.  If,  as  sometimes  happens,  a  concave  glass  is  pre- 
scribed for  this  apparent  myopia,  the  patient  may,  by  continuing 
his  constant  accommodative  effort,  become  truly  myopic. 

The  hyperope  may  correct  his  hyperopia  entirely  with  his  accommo- 
dation, or  may  relax  his  accommodation  altogether  and  allow  us  to 
correct  the  whole  of  his  hyperopia  with  a  convex  glass.  More  usually, 
however,  he  allows  us  to  correct  a  portion  of  his  hyperopia  with  a 
glass,  H  (Fig.  51),  and  corrects  the  rest  with  his  accommodation  (A) 
He  is,  in  fact,  so  accustomed  to  using  his  accommodation  continuously 
that  generally  he  cannot,  no  matter  how  we  urge  him,  give  up  the 
effort  at  once  when  we  place  a  convex  glass  before  his  eye,  but  he 
retains  at  least  some  of  his  accommodation— e.,  A— at  work.  If, 
in  such  a  case,  we  give  a  glass  stronger  than  H  by  0.50  D.,  the 


Mftiiifost  ftiid  latent  hyperopia.  The  liyperopic  eye,  instead  of  being  corrected  wholly  by  a 
conve.x  lens,  as  in  Fig.  fiO,  is  corrected  partly  by  a  glass  lens,  //,  partly  by  the  accommodation.  The 
amount  that  is  corrected  all  the  time  by  the  accommodation  (represented  in  the  figure  by  the  lens  A) 
is  the  latent  hyperopia.  The  portion  corrected  by  the  glass  lens  II,  but  which  also  may,  if  necessary, 
be  corrected  by  the  accommodation,  is  called  the  manifest  hyperopia.  Hyperoina  which  cannot 
be  corrected  at  all  by  the  accommodation,  but  necessarily  requires  a  glass  lens  to  obviate  it,  is 
called  absolute. 


patient  will  at  once  begin  to  see  less  distinctly,  for  he  will  then,  in 
effect,  have  before  his  eye  besides  the  lenses  A  and  H,  which  together 
correct  his  hyperopia  and  make  him  emmetropic,  a  lens  of  +  0.50  D., 
which  will  make  him  practically  a  myope  of  0.50  D. 

A  patient  as  shown  in  Fig.  51  would  be  apparently  hyperopic 
to  the  amount  of  H,  although  his  actual  total  hyperopia  would  be 
equal  to  A  +  H.  Am  this  case  is  his  latent  and  H  his  manifest 
hyperopia.  The  manifest  kjperopia,  in  other  words,  is  the  amount 
that  the  patient  will  reveal  by  the  utmost  voluntary  relaxation  of 
his  accommodation,  and  is  represented  by  the  highest  convex  glass 
with  which  he  can  still  see  distinctly.  The  latent  hyperopia  is  the 
remaining  hyperopia,  which  he  will  not  reveal  in  this  way,  because  he 
keeps  it  corrected  by  his  accommodation.  The  total  hyperopia  is  the 
sum  of  the  latent  and  manifest  hyperopia. 

The  patient's  vision  will  be  practically  the  same  whether  he  cor- 
rects the  hyperopia  entirely  by  accommodation,  or  entirel,y  by  a 
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convex  glass,  or  partly  by  the  glass  and  partly  by  accommodation. 
(Fig  51.)  In  cases,  therefore,  where  the  patient's  vision  is  already 
good,  because  although  he  has  hyperopia  his  accommodation  corrects 
all  of  it,  we  cannot  demand  of  a  convex  glass  that  it  shall  improve 
his  sight,  but  only  that  it  shall  still  keep  the  vision  as  good  as  it  was 
before.  We  say,  then,  that  he  accepts  that  glass.  If  he  accepts  a 
convex  glass,  it  is  proof  that  he  has  hyperopia  of  at  least  that  amount. 
If,  for  instance,  he  sees  as  well  with  a  +  1.50  D.  as  without  it,  he 
cannot  have  hyperopia  of  simply  1  D.,  for  in  that  case  the  addition 
of  1.50  D.,  by  over-correcting  the  hyperopia,  would  render  him 
practically  myopic,  0.50  D.,  and  would  blur  his  vision. 

We  cannot  say  that  a  patient  accepts  a  concave  glass,  for,  as  we 
have  seen,  any  person  with  good  accommodation  will  overcome  a 
low  concave  glass  and  see  at  least  as  well  with  as  without  it.  To 
prove  that  the  patient  really  requires  a  concave  glass,  we  should  show 
that  he  sees  really  better  xoith  it  than  without  it.  If  he  sees  simply 
as  well  with  it,  or  apparently  sees  somewhat  more  sharply,  but  cannot 
a,ctually  distinguish  any  more,  he  is  not  myopic  to  that  amount. 

Varieties  of  Hyperopia.  In  hyperopia  the  point  at  which  the  eye 
focuses  parallel  rays  lies  behind  the  retina.  This  may  be  either  because 
the  retina  is  too  far  forward,  or  because  the  retina,  being  in  its  proper 
place,  the  cornea  or  lens  has  too  little  refractive  power.  Hence  the 
hyperopia  may  be  due  either  to  changes  in  curvature  (flattening)  of 
the  cornea,  or  lens  (curvature  hyperopia),  or  to  changes  in  the  density 
of  these  media  (index  hyperopia),  or  to  an  undue  shortness  of  the 
eyeball  (axial  hyperopia). 

Curvature  hyperopia  is  found  as  a  result  of  opacities  or  cicatrices 
of  the  cornea  associated  with  flattening.  This  form  is  generally  com- 
bined with  astigmatism.  The  pecuhar  sort  of  curvature  hyperopia  in 
which  one  of  the  refractive  surfaces  is  not  simply  flattened,  but  alto- 
gether abolished,  is  that  produced  by  absence  of  the  lens  (aphakia). 
This  in  eyes  previously  emmetropic  produces  a  hyperopia  of  10 
to  11  D. 

An  example  of  index  hyperopia  is  that  which  develops  in  old  age 
as  a  result  of  sclerosis  of  the  lens,  rendering  the  latter  more  homo- 
geneous, and  hence  less  refractive. 

Axial  hyperopia  is  by  far  the  most  common  kind.  It  is  also  appar- 
ently the  original  condition  subsisting  in  the  vast  majority  of  eyes, 
for  examination  of  newborn  infants  has  shown  a  very  great  pre- 
ponderance of  hyperopia,  and  particularly  hyperopia  due  to  a  com- 
parative shortening  of  the  eye. 

During  the  growing  period  of  childhood  and  youth  the  eye  becomes 
steadily  longer,  so  that  the  hyperopia  groius  less  and  less.  It  may  thus 
be  transformed  into  emmetropia,  or  possibly  go  over  into  myopia. 
This  process  of  elongation  regularly  ceases  at  the  age  of  twenty-two 
years,  so  that  if  any  hyperopia  is  left  then,  it  remains  stationary 
thereafter. 

One  millimetre  of  shortening  of  the  eyeball  corresponds  to  about 
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3  D.  of  axial  hyperopia,  so  tliat,  for  instance,  an  eye  which  is  2  mm 
shorter  than  normal  will  be  hypcropic  6  D. 

In  axial  hyperopia  the  shortening  affects  chiefly  that  portion  of  the 
eye  back  of  the  lens,  although  especially  in  high  hyperopia  the  cornea 
may  be  flat  and  the  anterior  chamber  shallow. 

A  pathological  form  of  axial  hyperopia  is  produced  by  exudates 
pressing  the  retina  forward,  by  detachment  of  the  retina,  and  by  the 
presence  of  tumors  behind  the  eyeball,  which  indent  the  latter. 

Amount  of  Hyperopia.  Two  classes  of  cases  may  be  recognized 
In  one  the  hyperopia  does  not  exceed  5  D.,  and  both  exterior  and 
fundus  present  no  abnormalities.  Such  hyperopia  may  be  called  nor- 
inal.  Hyperopia  of  over  5  D.  may  also  be  normal,  but  very  frequently 
in  hyperopia  of  this  amount  we  find  evidences  of  arrested  develop- 
ment, such  as  albinism,  microphthalmus,  a  small  cornea,  an  imper- 
fectly developed  fundus,  etc.    Such  hyperopia  is  abnormal. 

Vision  in  Hyperopia.  The  sight  in  hyperopia  depends  upon  the 
patient's  ability  to  correct  his  error  by  means  of  his  accommodation. 
A  young  person  who  has  an  abundance  of  accommodative  power 
and  no  inordinate  amount  of  hyperopia  will  see  distinctly  and  without 
any  great  difficulty  both  for  distance  and  near.  As  he  grows  older 
and  his  accommodation  diminishes,  he  will  be  able  to  see  distinctly 
only  by  the  expenditure  of  more  and  more  effort.  Finally,  a  point 
is  reached  where  near  vision  is  effected  with  ciifficulty  and  strain 
although  distant  vision  is  still  easy.  Later,  distant  vision  becomes 
difficult  and  near  vision  impossible,  and,  last  of  all,  his  accommodation 
fails  him  even  for  distance,  and  he  sees  poorly  at  all  ranges. 

The  hyperopia  that  the  patient  can  fully  correct  by  his  accommo- 
dation is  called  facultative;  one  which  he  can  correct  only  by  calling 
into  exercise  an  amount  of  accommodative  power  which  induces  a 
convergent  squint  is  called  relative;  and  one  which  he  cannot  cor- 
rect at  all  by  his  accommodation  is  called  absohile. 

The  period  at  which  this  failure  of  accommodation  to  compensate 
for  hyperopia  occurs— i.  e.,  at  which  the  latter  becomes  absolute- 
vanes  a  good  deal,  according  to  the  general  build  and  constitution 
of  the  patient,  the  kind  of  work  to  which  his  eyes  are  subjected,  etc 
In  general,  persons  with  less  than  2  D.  hyperopia,  whose  eyes  are  not 
excessively  taxed  in  near  work,  will  not  suffer  serious  inconvenience 
until_  past  twenty-five  or  thirty  years,  when  they  will  generally 
require  a  glass  for  reading,  but  will  not  absolutely  require  one  for 
distance  for  perhaps  ten  or  twelve  years  later. 

A  hyperope  of  2  to  3  D.  will  probably  experience  some  annoyance 
in  youth  if  he  uses  his  eyes  much  for  studying,  and  after  the  age  of 
twenty  will  usually  require  a  glass  for  near  and  probably,  also,  for 
distance. 

Hyperopes  of  3  to  4  D.  usually  require  glasses  in  childhood,  both 
for  distance  and  near,  as,  while  they  still  can  see  distinctly,  they  do 
so  at  the  expense  of  considerable  effort,  and  hence  develop  either 
an  asthenopia  or  a  convergent  squint. 
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Hyperopes  of  more  than  5  D.  rarely  can  overcome  their  defect  by 
acconnnodative  effort,  and  do  not  often  ma,ke  an  attempt  to  do  so. 
Such  patients  simply  have  poor  vision  and  do  not  have  asthenopia. 
Then-  sight,  even  with  the  best  correction,  is  often  subnormal  (20/40 
to  20/200  or  less).  ^ 

External  Evidences  of  Hyperopia.  Hyperopes  often  have  small 
pupils.  This  is  believed  to  be  occasioned  by  the  excessive  accommo- 
dative effort,  or  rather  the  excessive  convergent  effort,  that  such 
patients  make,  as  the  acts  of  accommodation  and  convergence  are 
associated  always  with  contraction  of  the  pupils. 

The  front  of  the  eyeball  in  well-marked  hyperopia  often  appears 
flattened  and  the  anterior  chamber  may  be  shallow. 

Most  hyperopes  tend  to  hold  their  books  rather  far  away  on  account 
of  the  recession  of  their  near  point.  Now  and  then,  however,  a 
patient  will  be  found  with  hyperopia,  particularly  when  the  hyper- 
opia is  of  high  degree,  who  holds  his  book  very  close  to  him,  and  on 
that  account  is  thought  to  be  myopic.  This  mistake  is  the  more 
natural  as  such  a  patient  often  has  poor  sight  for  distance,  because 
his  hyperopia  is  too  great  to  be  neutralized  by  the  accommodation. 
Of  course,  his  vision  for  near  is  still  poorer,  and  the  more  so  the  closer 
he  brings  objects  to  his  eyes.  Hence  he  is  not  really  like  a  near- 
sighted person,  who  by  bringing  objects  closer  makes  them  more 
distinct.  The  hyperope  brings  the  object  nearer  to  make  it  appear 
larger,  and  hence  more  readily  distinguishable,  even  if  it  is  more 
blurred. 

Astigmatism.  Varieties  of  Astigmatism.  Disposition  of  the  Meridians 
in  Astigmatism.  In  astigmatism  the  different  meridians  of  the  eye 
have  different  refractive  powers,  so  that  each  focuses  the  rays  of  light 
differently  from  the  meridian  adjoining.  If  the  change  in  refractive 
power  takes  place  uniformly  and  by  regular  degrees  from  one  merid- 
ian to  another,  so  that  each  meridian  in  succession  refracts  a  little 
niore  strongly  than  the  one  before  it;  and  if,  furthermore,  the  refraction 
in  one  meridian  shows  no  great  or  sudden  changes  from  its  centre 
to  its  periphery,  the  astigmatism  is  called  regular;  and  in  the  contrary 
case,  irregular. 

That  kind  of  astigmatism  produced  by  difference  in  refraction 
between  the  central  and  peripheral  part  of  any  one  meridian  of  the 
eye  is  called  meridianal  aberration. 

In  most  cases  of  regular  astigmatism  the  meridian  that  refracts 
the  most  highly,  that  is,  focuses  the  rays  of  light  most  quickly,  is 
vertical  or  within  30°  of  the  vertical,  and  such  astigmatism  is  said 
to  be  with  the  rule  or  direct.  The  next  most  frequent  variety,  called 
astigmatism  againd  the  rule,  or  inverse  astigmatism,  is  that  in  which 
the  most  highly  refracting  meridian  is  horizontal,  or  within  30°  of  the 
horizontal.  Less  often  met  with  is  oblique  astigmatism,  in  which  the 
meridian  of  greatest  refraction  lies  at  from  30°  to  60°  from  the  vertical. 

In  regular  astigmatism  the  meridians  of  greatest  curvature  (prime 
meridians)  are  usually  symmetrically  disposed  in  the  two  eyes;  that 
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is,  both  are  either  just  vertical  or  just  liorizoutal,  or  both  are  incUncd 
by  an  equal  amount  to  the  temporal  or  both  to  the  nasal  side  of  the 
vertical.  Much  more  rarely  the  meridians  are  parallel  in  the  two 
eyes.  It  is  also  uncommon  to  find  them  neiiher  symmetrical  nor 
parallel.  Very  rai-ely  the  prime  meridians  in  the  two  eyes  are  at 
right  angles  to  each  other. 

In  regular  astigmatism  the  meridian  which  refracts  the  most 
strongly  almost  always  lies  at  right  angles  to  the  meridian  which 
refracts  the  least.  These  two  are  called  the  principal  meridians. 
The  amount  of  astigmatism  then  is  measured  by  the  difference  in 
refraction  existing  between  these  two. 

Etiology  and  Development  of  Astigmatism  With  regard  to  the 
etiology,  we  should  distinguish  between  idiopathic  or  primary  astig- 
matism, which  is  not,  and  secondary  or  pathological  astigmatism,  which 
is  due  to  (lisea.se  of  the  eye. 

A  certain  amount  (0.25  to  0.50  D.)  of  primaiy  astigmatism  may  be 
regarded  as  physiological  in  that  at  least  that  amount  is  found  in 
neai-ly  every  eye.  Physiological  astigmatism  is  regularly  present 
both  in  the  cornea  and  in  the  lens,  and  in  both  situations  is  partly 
regular  and  partly  irregular. 

The  higher  degrees  of  primary  astigmatism  (over  ID.)  are  mainly 
of  the  regular  variety.  Astigmatism  of  1  to  2.50  D.  is  very  frequent, 
although  not  so  much  .so  as  to  be  regarded  as  normal.  Astigmatism 
of  2  to  4  D.  is  fairly  common,  while  primary  astigmatism  of  more 
than  5  D.  is  rare. 

This  non-phy.siological  primary  astigmatism,  like  the  physiological, 
is  usually  present  both  in  the  cornea  and  lens,  although  the  cornea 
is  apt  to  play  a  much  larger  paii  in  its  production.  Frequently 
corneal  astigmatism  with  the  rule  is  combined  with  lenticular 
astigmatism  against  the  rule,  so  that  the  resulting  total  astig- 
matism is  less  than  the  corneal  astigmatism.  In  otlier  cases,  but 
less  often,  the  lenticular  astigmatism  adds  to  instead  of  correcting 
that  of  the  cornea;  the  astigmatism  of  both  lens  and  coi'nea  being 
then  usually  inverse.  Again,  the  combined  corneal  and  lenticular 
astigmatism  is  often  such  that  the  meridian  of  greatest  refraction  of 
the  eye  as  a  whole  does  not  coincide  with  the  meridian  of  the  greatest 
curvature  of  the  cornea.  These  variations  are  inifwrtant  in  esti- 
mating the  value  to  be  ascribed  to  the  findings  obtained  by  the 
ophthalmometer. 

In  the  cornea  primary  astigmatism  is  due  to  unequal  curvature. 
In  the  lens  primarj^  astigmatism  may  also  be  due  to  unequal  curva- 
ture, but  more  usually  to  the  fact  that  the  lens  is  tilted  somewhat, 
and,  furthermore,  that  it  is  built  up  of  separate  fibrilke  of  different 
densities.  These  fibrillte  are  grouped  so  as  to  form  star-like  figures 
on  the  front  and  back  surfaces  of  the  lens.  Rays  of  light  passing 
from  one  fibrilla  to  another  are  refracted  somewhat  irregularly,  and 
thus  a  certain  amount  of  irregular  as  well  as  of  regular  astigmatism 
is  produced. 
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Primary  astigmatism  is  either  congenital,  or  probably  much  more 
often  develops  in  early  childhood.  Once  developed,  it  remains  on 
the  whole  practically  stationary  during  childhood,  youth,  and 
early  manhood.  Changes  do  take  place  in  it  from  time  to  time,  but 
they  are  inconstant  and  usually  slight,  and  there  is  no  special  rule 
governing  the  way  in  which  they  develop.  After  middle  life,  how- 
ever, there  is  a  tendency  for  astigmatism  to  change  its  character. 
Astigmatism  ^vith  the  rule  tends  to  become  less,  or  is  sometimes 
converted  into  astigmatism  against  the  rule,  and  astigmatism  against 
the  rule  often  develops  where  no  astigmatism  existed  before,  so  that 
in  old  age  astigmatism  against  the  rule  is  the  most  common  variety. 

Secondary  or  pathological  astigmatism  occurs  both  m  the  cornea  and 
in  the  lens.  In  the  cornea  it  is  due  to  the  unequal  flattening  or 
bulging  produced  by  cicatricial  contraction,  such  as  takes  place  in 
the  healing  of  wounds  and  ulcers,  or  by  faceting  of  the  cornea,  or 
by  non-inflammatory  protrusion,  as  in  keratoconus.  Astigmatism  of 
this  kind,  while  mainly  irregular,  is  associated  often  with  a  large 
amomit  of  regular,  and  therefore,  corrigible  astigmatism.  This  is 
particularly  true  of  the  astigmatism  produced  by  cicatricial  contrac- 
tion after  operation  wounds  in  the  cornea.  A  marked  example  of 
this  is  the  regular  inverse  astigmatism  of  2  to  8  D.,  quite  uniformly 
found  after  cataract  extraction. 

Secondary  lenticular  astigmatism,  regular  and  irregular,  is  pro- 
duced by  variations  in  its  curvature  (that  due  to  bulging  of  a  dis- 
located lens,  for  instance),  or  by  alterations  in  the  density  (nuclear 
sclerosis  or  othsr  changes  due  to  advanced  age). 

Pathological  astigmatism  will  remain  stationary  or  change  according 
to  the  behavior  of  the  process  producing  it.  Thus  a  corneal  astig- 
matism produced  by  a  cataract  extraction  regularly  decreases  during 
the  three  or  four  months  following  the  operation  (often  diminishing 
several  dioptres)  until  the  process  of  cicatrization  is  completed, 
when  it  remains  stationar3^  Astigmatism  due  to  keratoconus  often 
goes  on  increasing  for  years,  either  continuously  or  at  intervals. 

Absolute  Refractive  State  in  Astigmatism  In  regular  astigmatism 
the  rays  passing  through  meridian  No.  1  come  to  a  focus  in  front 
of  those  passing  through  meiidian  No.  2,  next  adjoining,  and  these 
again  in  front  of  those  passing  through  meridian  No.  3,  etc.  But  this 
fact  tells  us  only  that  one  meridian  refracts  more  strongly  than  the 
other,  but  does  not  tell  us  what  the  absolute  refraction  of  each  merid- 
ian is.    This  will  depend  entirely  upon  where  the  retina  is  situated. 

If  (Fig.  52)  we  have  a  case  of  astigmatism  with  the  rule,  rays 
coming  from  a  distant  point  of  light  will  pass  through  the  vertical 
meridian  F  F  of  the  cornea  and  lens,  and  will  be  focused  at  some 
point,  A.  Rays  passing  through  the  horizontal  meridian  H  H  will 
be  focused  further  back  at  some  point,  B.  Rays  passing  through 
the  various  oblique  meridians,  as  0  0,  will  be  focused  at  some  point 
between  A  and  B.  The  space  from  A  to  is  called  the  focal  interval. 
In  the  given  case  we  will  suppose  this  to  measure  2  mm. 
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If  now,  the  retina  is  at  I,  1  mm.  in  front  of  A,  all  the  meridians 
of  the  eye  will  be  hyperopia,  and  the  horizontal  meridian  most  so.  In 
fact,  the  vertical  meridian  will  be  hyperopia  3  D.,  because,  so  far 
as  this  meridian  is  concerned,  the  eye  is  1  nmi.  too  short,  while  the 
horizontal  meridian  will  be  hyperopia  9  D.,  because  so  far  as  it  is 
concerned  the  eye  is  3  mm.  too  short.  The  difference  in  refraction 
between  the  two  meridians— i  e.,  the  astigmatism— is  therefore  6  D., 
or  the  eye  has  a  hyperopia  of  3  D.  combined  with  an  astigmatisni  of  6  d! 

If  now,  the  retina  recedes  to  II,  rays  passing  through  the  vertical 
meridian  have  come  to  a  focus,  and,  so  far  as  this  meridian  is  concerned. 

Fig.  52. 


II  III  IV 


The  absolute  refraction  in  astigmatism.  Form  of  diffusion  images.  A,  focus  of  rays  passing 
through  vertical  meridian  IT.  B,  focus  of  rays  passing  through  horizontal  meridian  H H.  A  B. 
focal  interval.  1,  compound  hyperopic  astigmatism  ;  II,  simple  hyperopic  astigmatism ;  III,  mixed 
astigmatism ;  IV,  simple  myopic  astigmatism ;  V,  compound  myopic  astigmatism.  E,  F,  6,  J,  K. 
forms  of  difTusion  images  at  I,  II,  III,  IV,  V,  respectively. 

the  eye  is  emmetropic.  In  fact,  if  by  using  a  vertical  slit  we  shut 
off  all  rays  but  these,  the  eye  would  be  adjusted  accurately  for  dis- 
tance: but  for  rays  passing  through  all  other  meridians  the  eye  is 
hyperopic,  and,  in  fact,  for  the  horizontal  meridian  is  hyperopic 
6  D.  We  have,  therefore,  still  a  difference  between  the  meridians, 
or  an  astigmatism,  of  6D.,  although  now  one  meridian  is  emmetropic. 
This  condition  is  called  simple  hyperopic  astigmatism,  while  the 
condition  obtaining  while  the  retina  is  at  I  is  called  compound  hypei'- 
opic  astigmatism.    It  is  evident  that  the  compound  differs  from  th(> 
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simple  astigmatism  merely  in  adding  the  same  amount  of  hyperopia 
(in  this  case  3  D.)  to  all  meridians  alike. 

Suppose,  now,  the  retina  recedes  to  III  two-thirds  of  a  millimetre 
back  of  ^.  In  the  vertical  meridian  the  eye  will  now  be  myopic  2  D., 
because  the  rays  passing  through  this  meridian  will  come  to  a  focus 
two-thirds  of  a  millimetre  in  front  of  the  retina.  In  the  horizontal 
meridian,  however,  the  eye  will  be  hyperopic  4  D.,  since  the  retina 
lies  one  and  one-third  millimetres  in  front  of  B.  The  difference  in 
refraction  between  the  horizontal  and  vertical  meridians,  namely, 
the  astigmatism,  is  still  6  D.  It  is  evident  that  the  only  change 
produced  in  passing  from  II  to  III  is  to  make  all  the  meridians  of  the 
eye  aUke  more  refractive  by  2  D.  The  vertical  meridian  which  was 
emmetropic  and  those  meridians  adjoining  which  were  h3rperopic 
less  than  2  D.  have  now  become  myopic.  Two  oblique  meridians,  such 
as  0  0  and  P  P  on  either  side  of  V  V,  which  were  hyperopic  2  D., 
have  become  emmetropic,  and  all  other  meridians  remain  hyperopic. 
Such  a  condition,  in  which  some  meridians  are  hyperopic  and  some 
myopic,  is  called  mixed  astigmatism. 

If  the  retina  recedes  to  IV,  the  horizontal  meridian  is  now  emme- 
tropic, while  the  other  meridians  are  myopic,  and  the  vertical  meridian 
is  myopic  6  D.  The  astigmatism  is  still  6  D.  Such  an  astigmatism 
is  called  siinple  myopic  astigmatism.  It  is  evidently  evolved  from 
the  simple  hyperopic  astigmatism  indicated  at  II,  by  rendering  all 
meridians  alike  6  D.  more  refractive. 

Finally,  when  the  retina  is  at  V,  one  millimetre  behind  B,  all  the 
meridians  will  be  myopic,  the  vertical  one  9  D.,  and  the  horizontal 
3  D.  The  astigmatism  will  still  be  6  D.  This  condition  is  known 
as  compound  myopic  astigmatism. 

We  see,  then,  that  a  man  starting  with  a  certain  amount  of  hyper- 
opic astigmatism  may  by  gradually  elongating  his  eye,  or  by  equally 
increasing  its  refractive  power,  acquire  all  varieties  of  astigmatism 
in  succession,  but  xvill  leave  the  amount  of  astigmatism  unchanged.  And, 
as  a  matter  of  fact,  this  conversion  of  one  variety  of  astigmatism 
into  another  takes  place  very  frequently  either  through  gradual 
lengthening  of  the  eye  during  the  growing  period,  or  through  uniform 
increase  of  the  refractive  power  produced  by  accommodation.  It 
may  also  be  brought  about  by  an  artificial  increase  or  decrease  of 
the  refraction  produced  by  glasses. 

Vision  in  Astigmatism.  Diffusion  Images.  Irregular  astigmatism 
makes  objects  look  distorted,  just  as  imperfectly  made  window  glass 
does.  If  the  astigmatism  is  high,  the  distortion  is  extreme,  and  even 
very  low  degrees  of  astigmatism,  especially  when  present  in  the  crys- 
talline lens,  produce  considerable  deformity  of  minute  objects.  •  In 
fact,  the  reason  why  stars  look  like  stars  instead  of  like  infinitesimal 
points  of  light,  as  they  should  do,  is  because  of  this  irregular  astig- 
matism of  the  lens  due  to  the  star-like  deposition  of  its  fibrillar. 

In  regular  astigmatism  the  amount  of  distortion  and  blurring 
I)roduced  depends  upon  the  diffusion  images.    Inspection  of  P^ig.  52 
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wijl  show  that  at  I  the  diffusion  image  of  a  point  will  be  a  horizontal 
ellipse,  E;  at  11  a  horizontal  line,  F;  at  III  a  horizontal  oval,  G 
(which  as  the  retina  recedes  will  be  converted  first  into  a  circle,  then 
iiito  a  vertical  oval);  at  IV  a  vertical  line,  J;  and  at  F  a  vertical 
oval,  K. 

At  II  the  image  of  a  point  is  a  fine  horizontal  line,  and  the  image 
of  a  horizontal  line,  which  is  nothing  but  a  series  of  points  strung 
along  horizontally,  will  be  a  series  of  faint  horizontal  lines.  These 
by  successive  overlapping  will  reinforce  each  other  and  form  a  broad, 
distinct  horizontal  line  a  little  thickened  and  hazy  at  its  ends.  (Fig.  53.) 
On  the  other  hand,  a  vertical  line,  being  composed  of  a  row  of  points, 
one  above  the  other,  will  form  an  image  made  up  of  a  set  of  faint 
horizontal  lines  one  above  the  other,  and  will  thus  form  a  dim,  hazy, 
more  or  less  broadened  band.    Hence  it  is  seen  that,  although  the 

Fig.  53. 
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linages  of  a  line  formed  in  astigmatism.  A,  a  vertical  line  consisting  of  a  vertical  row  of  points ;  • 
Ji,  its  image  when,  as  In  Fig.  52,  11,  the  vertical  meridian  of  the  eye  is  emmetropic  ;  C,  its  image 
when,  as  in  Fig.  52,  IV,  the  horizontal  meridian  of  the  eye  is  emmetropic.  D,  a  horizontal  line 
consisting  of  a  row  of  points  side  by  side;  E,  its  Image  when  the  vertical  meridian  of  the  eye  is 
emmetropic;  F,  its  image  when  the  horizontal  meridiou  of  the  eye  is  emmetropic. 

vertical  meridian  is  emmetropic,  the  image  of  the  vertical  line  is 
very  indistinct  and  the  image  of  a  horizontal  line  is  quite  sharp. 
All  objects  will  appear  drawn  out  mto  horizontal  lines. 

At  IV  all  objects  will  appear  drawn  out  into  vertical  lines,  and 
consequently,  although  it  is  now  the  horizontal  meridian  that  is 
emmetropic,  the  horizontal  lines  are  seen  most  indistinctly  and  ver- 
tical lines  most  clearly. 

In  other  words,  in  simple  astigmatism,  myopic  or  hy|Deropic,  those 
lines  are  seen  most  distmctly  which  run  at  right  angles  to  the  emmetropic 
meridian. 

It  will  also  be  readily  seen  that  when  the  retina  is  at  II  a  square 
would  look  like  an  oblong  drawn  out  laterally,  with  the  tops  distinct 
and  the  sides  blurred;  a  circle  like  a  horizontal  oval,  etc.  If  the 
retina  were  at  IV,  the  reverse  effect  would  be  produced.    In  fact,  as 
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the  astigmatism  changes  from  hyperopic  to  mixed,  and  then  to  myopic, 
the  character  of  the  distortion  will  change,  so  that  sometimes  one 
and  sometimes  another  set  of  lines  will  appear  distinct,  and  objects 
will  seem  to  be  drawn  out  now  in  one,  now  in  another  direction. 

Besides  these  distortions  of  shape,  astigmatism  produces  monocular 
diplopia,  objects  seeming  to  have  close  to  them  a  faint  shadow  of 
themselves.  The  position  of  this  double  image  will  vary  according 
to  the  direction  of  the  principal  meridians. 

Accommodation  and  Astigmatism.  As  we  have  noted,  accommoda- 
tion frequently  alters  the  character  of  the  astigmatism,  changing 
it  from  hyperopic  to  mixed,  and  then  to  myopic,  to  suit  the  needs 
of  the  patient's  vision,  but  it  rarely  changes  its  amount,  at  least 
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A  convex  cylinder.  E  F,  axis  of  cylinder.  Rays  /  /  passing  through  the  cylinder  in  the  plane 
of  this  axis  go  on  without  undergoing  refraction.  Rays  K  K  striking  the  cylinder  in  a  plane  per- 
pendicular to  the  axis  are  converged  to  M. 

materially.  We  do,  however,  find  in  a  certain  number  of  cases  that 
the  astigmatism  is  greater  under  atropine  than  without  it,  leading 
us  to  suppose  that  the  accommodation  had  concealed  a  certain 
amount  of  it.  And  occasionally  the  astigmatism  becomes  less,  and 
even  disappears  when  atropine  is  instilled,  from  which  we  should  infer 
the  astigmatism  to  be  a  spurious  one,  produced  by  unequal  accom- 
modative effort. 

Correction  of  Astigmatism,  Astigmatism  may  then  in  part,  but 
only  to  a  very  slight  extent,  be  corrected  by  accommodation.  More 
often  accommodation,  while  leaving  the  amount  of  astigmatism 
unchanged,  affects  the  vision  favorably  by  adjusting  the  eyes  for 
different  sets  of  lines.  An  eye,  for  instance,  which  is  in  the  condition 
denoted  by  Fig.  52,  II,  will  see  horizontal  lines  distinctly.    But  in 
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Fig.  55. 


reading  and  many  other  visual  acts  it  is  important  to  see  vertical 
lines  distinctly.  This  the  patient  may  do  by  exerting  his  acconmio- 
dation  so  that  his  condition  is  changed  to  that  of  IV.  He  will  then  see 
vertical  lines  distinctly,  and,  if  it  is  also  important  to  see  horizontal 
lines  distinctly,  he  may  do  this  by  narrowing  the  fissure  of  the  lids 
a  little  so  that  he  may  look  through  a  horizontal  cliink. 
A^^e  may  also  correct  astigmatism  by  means  of  cylinders. 
Cyhndrical  glasses  are  either  convex  (positive)  or  concave  (nega- 
tive). The  convex  cylindrical  glass  shown  in  Fig.  54  is  a  slice, 
A  B  C  D,  taken  from  a  cylinder.  The  line  E  F,  parallel  to  the  axis 
of  the  original  cyhnder,  is  called  the  axis  of  the  glass.  Rays  such 
as  /  /  entering  the  cylinder  along  its  axis  E  F,  pass  through  it  in 
the  plane  E  F  G  H,  and  will  undergo  no  refraction,  because  the  lines 
they  encounter  are  not  curved  but  straight.  Rays,  on  the  other  hand, 
is  K  K,  entering  the  cylintler  in  the  plane  perpendicular  to  its  axis, 

will  be  refracted  just  as  in  a  spherical  lens, 
for  they  will  strike  a  line,  L  L,  whose  curva- 
ture is  a  circle,  and  they  will  therefore  come 
to  a  focus  at  a  point,  M,  behuid  the  glass. 
Rays  passing  through  the  glass  obliquely  to 
the  axis  will  also  be  refracted,  but  not  so  nuich 
as  A.'  K,  because  they  strike  a  line  which  is 
less  curved  than  L  L,  and  they  will  hence  be 
focused  at  a  point  behind  M.  The  more 
inclined  the  rays  are  to  the  axis  E  F,  the 
more  they  will  be  refracted. 

Hence  a  convex  cylinder  is  a  glass  which 
along  its  axis  produces  no  refraction,  that  is, 
acts  like  a  plane  glass.  At  right  angles  to 
its  axis  it  produces  its  maximum  effect,  and 
in  intermediate  meridians  produces  an  effect 
which  increases  with  the  inclination  of  the  meridian  to  the  axis. 

A  concave  cylindrical  glass,  A  B  C  D  E  F  (Fig.  55),  represents 
the  cast  of  a  convex  cylinder.  Its  axis  would  be  /  H.  It  behaves 
precisely  like  a  convex  cjdinder,  except  that  it  acts  like  a  negative 
(dispersing)  instead  of  a  positive  (converging)  lens. 

In  naming  cylinders,  it  is  necessary  to  give  their  sign,  strength, 
and  direction  of  their  axes.  Their  strength  is  that  of  their  meridian 
of  greatest  refraction  (+  or — ),  that  is,  the  meridian  at  right  angles 
to  their  axis.  The  direction  of  the  axis  is  denoted  in  a  number  of 
ways,  of  which  three  are  indicated  in  Figs.  56,  57  58.  Whatever 
method  is  used,  it  is  always  best  to  have  on  prescription  blanks  a 
diagram  like  one  of  the  above,  and  to  indicate  by  a  stroke  on  the 
diagram  the  precise  direction  of  the  axis.  Tliis  acts  as  a  useful 
check  and  guards  against  mistake  as  to  the  intent  of  the  pre- 
scriber. 

A  glass  which  is  compounded  of  a  spherical  glass  and  a  cylinder 
is  called  a  sphero-cylinder. 


A  concave  cylinder. 
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In  testing  refraction,  it  is  important  to  be  able  to  add  and  subtract 
cylinders  with  facility.  How  this  is  done  is  shown  best  diagrara- 
matically.    A  +2  cylinder  axis  90°,  for   instance,  is  denoted  by 

0 


+2- 


in  which  the  glass  is  supposed  to  be  seen  face  on.  The  vertical 
meridian  (axis)  is  0  D.,  the  horizontal  meridian  has  the  effect  of 


Fig.  5B. 


R  (right  eye) 


L  (left  eye) 


Ordinary  or  parallel  method  of  indicating  the  axis  of  cylinders  or  the  direction  of  prisms. 
In  each  eye  the  position  of  the  axis  of  the  cylinder  is  denoted  by  the  angle  it  makes  with  the  hori- 
zontal, this  angle  being  always  measured  from  the  right-band  side  of  the  observer  (left-hand  side  of 
the  patient).  The  numbering  thus  runs  through  0°  to  180°  starting  at  the  nasal  side  in  the  right  eye 
and  at  the  temporal  side  in  the  left.   The  horizontal  is  always  denoted  by  180°  ;  vertical  is  90°. 


Fig.  57. 


R  ( right  eye)  Li  left  eye ) 

Bisymmetrical  method  of  indicating  the  axis  of  cylinders.  In  each  eye  the  position  of  the  axis 
of  the  cylinder  is  denoted  by  the  angle  it  makes  with  the  vertical  meridian  V  (=  o°),  either  on  the 
nasal  or  on  the  temporal  side,  and  is  written  as  follows :  5n  =  5°  n,  5t  =  5°  t,  etc.,  down  to  II  =  90° 
(horizontal). 


Fig.  58. 


Symmetrical  method  of  indicating  the  axis  of  cylinders.  In  each  eye  the  position  of  the  axis  of 
the  cylinder  i.s  denoted  by  the  angle  it  makes  with  the  horizontal,  the  angle  always  being  measured 
from  the  nasal  to  the  temporal  side.  The  numbering  thus  runs  from  0°  to  180°,  from  right  to  left  in 
one  eye,  and  from  left  to  right  in  the  other.  Horizontal  is  denoted  by  180°,  vertical  by  90°.  The 
numbering  for  the  right  eye  is  the  same  in  the  symmetrical  and  the  parallel  methods  (Fig.  ^<S).  while 
for  the  left  eye  the  number.^  run  just  opposite. 
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a  +2  D.  sph.,  and  the  intervening  meridians  have  effects  ranging 
from  0  D.  t.o  +2.    A  —2  D.  cylinder  180°  would  be  denoted  by 

-2 


0- 


-0 


and  a  +2  sph.  by 


+2  +2 

--2 


Using  these  diagrams  and  noting  the  results  obtained  by  super- 
imposing one  such  diagram  upon  another,  it  is  easy  to  prove  graphi- 
cally the  following  propositions: 

1.  A  cylinder  and  a  spherical  glass  of  the  same  strength  and  of 
opposite  signs  added  together  make  a  cylinder  of  the  same  strength 
as  the  original  cylinder,  but  of  opposite  sign  and  with  its  axis  at 
right  angles  to  it.  Thus  +1.00  sph.  C  —1.00  cyl.  90°  =  -1-100 
cyl.  180°;  —2.00  sph.  C  +2.00  cyl.  70°  =  —2.00  cyl.  160°. 

2.  Two  cylinders  of  the  same  sign  and  same  axis  added  together 
make  a  cylinder  equal  to  the  sum  of  the  two.    Thus  +2.00  cyl  90° 

+  3.00  cyl.  90°  =  +5.00  cyl.  90°;  —1.00  cyl.  20°  C  —2.00  cyl.  20°  = 
—3.00  cyl.  20°. 

3.  +  and  —  cylinders  of  the  same  axis  added  together  make  a 
cylinder  equal  to  the  difference  between  the  two  and  having  the  sign 
of  the  stronger  cylinder.  Thus  +2.00  c}^.  75°  3  —1.00  cyl.  75°  = 
+  1.00  cyl.  75°;  +2.00  cyl.  60°  C  —4.00  cyl.  60°  =  —2.00  cyl.  60°- 
+  3.00  cyl.  90°  C  —3.00  cyl.  90°  =  0. 

4.  Cylinders  of  the  same  sign  and  of  equal  strength  crossed  at  right 
angles  make  a  sph(M'icaI  glass  of  the  same  strength.    Thus  +2.00  cyl 
90°  C  +2.00  cyl.  180°  =  +2.00  sph.;  —1.00  cyl.  50°  C  —LOO  cyl. 
140°  =  —1.00  sph. 

5.  Conversely,  any  spherical  glass  may  be  represented  as  equiv- 
alent to  two  cylinders  of  the  same  strength  and  same  sign  crossed 
at  right  angles. 

6.  Any  two  cylinders,  a  and  h,  of  the  same  sign,  when  crossed  at 
right  angles  make  a  spherical  glass  equal  in  strength  to  the  weaker 
cylinder  a  combined  with  a  cylinder  equal  m  strength  to  the  differ- 
ence between  a  and  h,  and  having  the  same  axis  as  the  stronger  cyl- 
inder h.  Thus  +2.00  cyl.  90°  C  +3.00  cyl.  180°  =  +2.00  sph.  ^ 
+  1.00  cyl.  180°. 

7.  A  +  cylinder  of  strength  a.  crossed  at  right  angles  upon  a  — 
cylinder  of  strength  h  makes  a  glass  which  may  be  represented  also 
by  a  +  spherical  of  strength  a  combined  with  a  —  cylinder  of  strength 
{a  +  h)  and  having  the  axis  of  h;  or  else  by  a  —  spherical  of  strength 
h  combined  with  a  +  cylinder  of  strength  (a  +  h)  and  having  the 
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tixis  of  a.  Thus  +2.00  cyl.  90°  C  —3.00  cyl.  180°  =  +2.00  sph.  C 
—5.00  cyl.  180°  or  =  —3.00  sph.  C  +5.00  cyl.  90°. 

The  above  propositions  show  that  when  to  a  +  cylinder  we  add 
a  +  cylinder  in  the  same  axis  or  a  —  cylinder  at  right  angles,  we 
add  just  so  much  to  the  cylindrical  effect;  and  when  we  add  to  it  a 
—  cylintler  in  the  same  axis  or  a  +  cylinder  at  right  angles,  we 
subtract  just  so  much  from  the  cylindrical  effect. 

The  student  of  refraction  should  work  out  these  propositions  by 
means  of  the  diagrams  above  indicated,  and  by  the  same  means 
should  solve  all  kinds  of  problems  connected  with  cylindrical  com- 
binations until  he  can  do  such  problems  at  once  without  stopping 
to  think  or  calculate.  Until  he  can  do  this,  he  will  be  considerably 
handicapped  in  all  phases  of  his  refraction  work,  and  will  scarcely  be 
able  to  do  it  with  either  rapidity  or  precision. 

Occasionally  prescriptions  are  seen  in  which  two  cylinders  are  or- 
dered at  oblique  angles  to  each  other.  Such  a  combination  can  always 
be  represented  by  one  cylinder  combined  with  a  spherical  glass.  To 
compute  the  strength  of  the  axis  of  the  cylinder  and  the  strength 
of  the  spherical  glass  in  these  cases  requires  a  trigonometrical  calcu- 
lation. It  is  only  when  cylinders  are  combined  with  their  axes  either 
together  or  at  right  angles  that  the  equivalent  glass  (sphero-cylinder, 
cylinder,  or  sphere)  can  be  found  by  the  above  simple  rules. 

A  spherical  lens  may  be  made  to  have  the  effect  of  a  cylinder  by 
tilting  it  either  sideways  or  up  and  down. 

Application  of  Cylinders  to  Correct  Astigmatism.  It  is  evident, 
by  referring  to  Fig.  52,  that  we  may  change  concUtion  I  into  condition 
II  by  correcting  the  3  D.  of  hyperopia  with  a  +3  D.  spherical  glass. 
This  will  render  the  vertical  meridian  emmetropic,  and  will  reduce 
the  hyperopia  of  the  horizontal  meridian  from  9  D.  to  6  D.  So  also 
we  may  alter  condition  V  into  condition  IV  by  means  of  a  — 3  D. 
spherical  glass,  which  will  diminish  the  refraction  of  all  the  meridians 
by  that  amount,  and  will  make  the  horizontal  meridian  emmetropic 
and  the  vertical  meridian  myopic  6  D.  Lastly,  we  may  change  con- 
dition III  into  condition  II  by  adding  a  — 2  D.,  and  into  condition 
lY  by  adding  a  +4  D.  spherical  glass.  Thus  any  form  of  astigma- 
tism may  be  converted  into  simple  hyperopic  or  simple  myopic  astig- 
matism by  means  of  a  spherical  glass.  It  remains,  then,  to  consider 
how  we  may  correct  simple  astigmatism. 

To  correct  the  simple  hyperopic  astigmatism  shown  in  Fig.  52  at 
II,  we  should  use  a  +6  D.  cyl.  ax.  90°.  This  will  place  the  inactive 
axis  of  the  cylinder  opposite  the  emmetropic  vertical  meridian  of  the 
eye.  Opposite  the  horizontal  meridian,  which  is  hyperopic  6  D.,  we 
place  that  portion  of  our  glass  which  acts  hke  a  +6  sph.  Opposite 
the  other  meridians  of  the  eye  which  gradually  decrease  in  refractive 
power  from  emmetropia  to  a  hyperopia  of  6  D.,  we  place  a  glass 
which  gradually  increases  in  refractive  power  from  0  to  +6  D. 
I'kch  meridian,  therefore,  in  turn  has  its  deficiency  in  refractive  power 
porrected,  and  thus  is  matle  emmetropic. 
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So,  also,  to  correct  the  coiulition  shown  m  IV,  wo  should  use  a 
—6  cyl.,  ax.  180°.  This  would  correct  the  myopia  of  the  vertical 
and  of  each  succeeding  meridian,  and  leave  the  horizontal  meridian 
emmetropic. 

A  little  consitleration  will  show  that  to  correct  any  case  of  I'egular 
astigmatism  we  may  proceed  in  either  one  of  two  ways.  Either  we 
may  place  before  the  eye  a  convex  cylinder  of  a  strength  equal  to  the 
amount  of  astigmatism,  with  its  axis  in  the  meridian  of  greatest 
refraction,  and  then  combine  this  with  a  spherical  glass  that  will 
correct  the  refraction  of  that  meridian;  or  we  may  use  a  concave 
cylinder  of  the  same  strength,  with  its  axis  in  the  meridian  of  least 
refraction,  and  add  a  spherical  glass  that  will  correct  the  refraction 
of  thjs  meridian.  Thus  condition  I  may  be  corrected  either  by  +3 
•sph.  _  +6  cyl.,  ax.  90°,  or  +9  sph.  C  —6  cyl.  ax.  180°— i.  e.,  we  may 
regartl  condition  I  as  being  condition  II,  in  which  the  retina  has 
been  brought  forward  1  mm.,  or  in  which  all  of  the  meridians  of  the 
eye  have  alike  been  made  3  D.  more  hyperopic;  or  we  may  regard  it 
as  condition  ly,  in  which  the  retina  has  been  advanced  3  mm.,  so 
that  all  meridians  alike  have  been  made  more  hj^Deropic  by  9  0. 
So  condition  II  may  be  corrected  either  by  +G  cyl.,  ax.  90°,  or  by 
+  6  sph.  C  —6  cyl.,  ax.  180°;  condition  III,  either  by  —2  sph 
+  ()  cyl.  90°  or  by  +4  sph.  Z  —6  cyl.  180°;  condition  IV,  by  ~[\ 
cyl.  180°  or  by  —6  sph.  C  +6  cyl.  90°;  and  condition  V,  by  —3 
sph.  C  —6  cyl.  180°  or  by  —9  cyl.  C  +6  cyl.  90°. 

In  general,  when  possible,  we  prefer  to  combine  a,  +  spherical 
with  a  +  cylinder  or  a  —  .sphere  with  a  —  cylinder,  rather  than 
combine  spheres  and  cylinders  of  oppo.site  signs. 

Some  prefer  to  correct  a  case  of  mixed  astigmatism  by  cro.s.srrf 
cylinders,  prescribing,  for  instance,  in  case  III,  +4  cyl.  90°  C  —2  cyl. 
180°.  Thei-e  is  no  special  advantage  in  this  prescriptioii^over  the 
etiuivalent  prescription,  +4  sph.  C  —6  cyl.  180°,  or  —2  sph.  3 
+  ()  cyl.  90°,  and  the  latter  usually  are  ordered. 

Anisometropia.  Anisometropia  is  a  condition  in  which  one  eye 
differs  in  its  refraction  from  its  fellow.  Slight  degrees  of  it  are 
not  uncommon,  but  high  degrees  are  rare.  '  In  some  cases  the 
difference  may  be  ascribed  to  pathological  influences  which  have 
affected  differently  the  two  eyes,  but  more  often  no  cause  can  be 
ascertained. 

The  more  ametropic  eye  often  has  very  poor  sight,  and  frequently 
squints,  divergent  strabismus  being  pai-ticularly  common.  Ajjart 
from  true  squint,  hyperphoria  and  other  anomalies  are  more  frequent 
in  anisometropic  than  in  other  eyes. 


SYMPTOMS  OF  REFRACTIVE  ERRORS. 

Varieties  of  Symptoms  Common  to  all  Errors.  The  main  tlirect 
symptoms  that  refractive  errors  produce  are  impairment  of  sight  and 
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asthenopia.  By  asthenopia  is  meant  a  sense  of  fatigue  and  discomfort 
in  the  eyes,  prockiced  by  use.  There  may  be  fatigue  alone  (astlienopia 
.•^implex),  or  the  fatigue  may  be  accompanied  by  pain  in  the  eyes 
{asthenopia  (Mens),  pain  in  the  head  {asthenopia  cephalalgica) ,  or 
conjunctival  irritation  manifested  by  lacrymation  and  congestion 
(asthenopia  initans).  This  last  may  lead  to  actual  conjunctivitis 
and  blepharitis. 

A  peculiar  form  of  asthenopia  {panorama  asthenopia)  is  that  in  which 
a  sense  of  vertigo,  confusion,  and  uncertainty  is  induced  by  looking 
at  moving,  and  especially  at  brilliantly  illuminated  objects.  Persons 
affected  with  this  symptom  often  suffer  considerable  distress  from 
.shopping  in  a  crowded  store,  or  walking  in  a  crowded  street,  or  from 
watching  processions,  ball  matches,  or  plays. 

Asthenopia  may  often  be  relieved  by  ceasing  to  use  the  eyes,  pro- 
vided this  is  done  as  soon  as  the  symptoms  manifest  themselves  ;  but 
in  many  cases  it  persists  for  hours,  or  even  until  the  following  day. 
In  some  cases,  again,  asthenopic  symptoms  do  not  appear  until  the 
following  day. 

The  causes  of  asthenopia  from  refractive  errors  are  partly  undue 
accommodative  effort  {accommodative  asthenopia) ;  partly  the  pressure 
on  the  eye  and  the  congestion  of  the  lids  produced  when  the  latter  are 
squeezed  together  in  order  to  narrow  the  palpebral  fissure,  and  thus 
enable  the  patient  to  see  more  distinctly  {tarsal  asthenopia) ;  partly 
a  strain  imposed  upon  the  external  muscles  of  the  eye  {muscular 
asthenopia) ;  and  partly  over-sensitiveness  of  the  retina  {retinal 
asthenopia).  It  is  enhanced  by  anything  (bright  lighting,  etc.)  that 
makes  unusual  demands  upon  the  eyes. 

It  should  be  noted  that  asthenopia  is  by  no  means  always  due  to 
refractive  errors.  It  is  often  due  to  muscular  anomalies,  particularly 
convergence-insufficiency  and  hyperphoria,  and,  in  not  a  few  instances, 
to  nasal  affections,  such  as  pressure  in  the  region  of  the  middle  tur- 
binates. Some  of  the  most  severe  and  obstinate  cases  I  have  seen  have 
been  due  to  this  latter  cause.  Such  cases  are  apt  to  be  associated 
with  marked  eyeache  and  occipital  pain.  Again,  asthenopia  is  often 
due  to  neurasthenia  and  other  conditions  marked  by  enfeeblement 
of  the  nervous  system. 

Besides  the  headache,  eyeache,  etc.,  that,  as  noted  above,  may 
accompany  asthenopia,  or  may  also  occur  independently  of  it  in  con- 
nection with  refractive  errors,  we  find  occasionally  other  symptoms, 
such  as  nausea,  interference  with  nutrition,  various  para^sthesire,  etc. 
That  graver  reflex  manifestations  (epilepsy,  chorea)  ever  are  caused 
by  refractive  errors,  is  doubtful,  although  there  is  no  question  as 
to  the  propriety  of  correcting  such  errors  in  persons  afflicted  witli 
these  neuroses,  and  thus  relieving  them  of  at  least  one  source  of 
strain. 

Symptoms  in  Myopia.  Turning  now  to  the  individual  refractive 
errors,  we  find  that  in  myopia,  when  not  of  inordinate  amount,  the 
main  symptom  is  the  impairment  of  vision  for  distance,  which  is  greater 
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in  i.)roportion  to  the  degree  of  nearsight.  The  sight  for  near,  on  the 
other  hantl,  is  very  distinct,  objects  appearing  not  only  clearer  cut 
but  also  magnified,  so  that  the  patients  are  able  to  do  very  fine  work 
(sewing,  embroidery).  At  the  same  time,  objects  are  held  very  close : 
and  if  binocular  vision  is  maintained,  the  excessive  convergence  effort 
may  produce  asthenopia.  The  blurring  in  distant  vision  usual. y 
causes  no  discomfort  in  (ordinary  myopia,  but  in  low  myopia,  where 
the  blurring  is  slight  and  the  patient  makes  constant  fruitless  efi'orts  to 
see  distinctly,  a  disagreeable  asthenopia  may  develop,  which  is  re- 
lieved by  a  concave  glass. 

In  high  myopia,  particularly  when  there  is  advanced  sclero-choroi- 
ditis  posterior,  there  may  be  aching  pain  in  the  back  of  the  eyeball 
and  symptoms  of  retinal  irrilalion,  such  as  flashes  of  light,  asthenopia 
from  hyperesthesia  of  the  retina,  etc. 

In  myopia  muscai  volitantes  are  frequent.  This  may  be  no  more 
than  a  normal  phenomenon,  which  is  accentuated  here  simply  because 
the  myope  sees  in  a  sort  of  haze  or  cloud  upon  which  he  reatlily  pro- 
jects the  floating  black  specks.  In  high  myopia  the  floating  bodies  are 
larger,  and  are  evidences  of  liquefaction  of  the  vitreous  itself  due 
to  disease  of  the  fundus. 

Symptoms  in  Hyperopia.  In  hyperopia  of  moderate  degree  the 
sight  IS  good  for  distance  and  near;  and  if  the  accommodation  is 
effective,  is  performed  without  strain,  and  hence  Avithout  asthenopia. 
When  the  accommodative  power  is  low  as  compared  to  the  amount  of 
hyperopia,  astheno-pia  develops  for  near  work,  and  later  for  distance 
also.  In  high  degrees  of  hyperopia  the  xight  begins  to  he  blurred  for 
near,  and,_as  accommodation  diminishes,  for  distance  too.  At  first 
the  blur  itself  is  momentary  only,  the  sight  clearing  up  as  soon 
as  the  patient  rests  the  eyes;  but  later  on,  the  interference  with 
sight  becomes  more  and  more  constant.  In  very  high  hyperopia  the 
patient  never  sees  tlistinctly  either  for  distance  or  near. 

As  soon  as  the  vision  becomes  indistinct  the  asthenopic  symptoms 
generally  cease,  because  the  patient  no  longcir  tries  to  accommodate. 

Headaches,  eyeaches,  etc.,  are  not  very  common  in  hyperopia 
uncomplicated  by  astigmatism. 

Symptoms  in  Astigmatism.    In  astigmatism  the  sight  is  blurred 
by  the  characteristic  diffusion  images.    There  is  more  or  less  distortion 
of  objects  looked  at,  and  there  may  be  monocxdar  diplopia.  Moreover 
if  the  patient  be  using  his  accommodation  to  adjust  his  vision  for 
different  lines  in  succession,  he  will  see  first  upright,  then  horizontal 
lines  distinctly.   This  produces  in  him  the  effect  of  an  apparent  move- 
ment of  objects,  so  that  wheel-like  figures  appear  to  revolve  and  check 
patterns  to  dance.  The  result  is  often  a  sensation  of  vertigo  and  nausea. 
For  the  same  reason  panorama  asthenopia  is  common  in  astigmatism. 
Ordinary  asthenopia  combined  with  headache  and  eyeache  is  frequent, 
particularly  when  the  eyes  are  used  for  near  work,  like  reading  or 
sewing,  which  requires  accurate  definition  of  the  outlines  of  objects. 
In  low  astigmatism,  conjunctival  irritation  and  blepharitis  are  not  in- 


REFRACTIVE  ERRORS  IN  GENERAL. 


Ill 


frequent.  These  are  doubtless  due  to  the  frequently  repeated  strong^ 
contraction  of  the  lids  made  in  order  to  narrow  the  palpebral  aperture 
and  thus  enhance  the  clearness  of  sight.  This  contraction  leads  to  a 
more  or  less  permanent  venous  congestion. 

GENERAL  REMARKS  ON  METHODS  OF  EXAMINING 
FOR  REFRACTIVE  ERRORS. 

Varieties  of  Tests.  Routine  of  Examination.  We  have  various 
means  for  examining  the  eye  for  refractive  errors.  In  some  of  the 
tests  used,  such  as  the  tests  of  visual  acuity,  trial  case  tests,  and  astig- 
matic charts,  we  are  dependent  upon  the  patient's  statements  of 
what  he  sees.  They  are  hence  called  subjective  tests.  In  others,  such 
as  those  made  with  the  ophthalmometer,  the  ophthalmoscope,  and, 
skiascopy,  we  are  independent  of  the  patient's  statements.  These 
are  the  objective  tests. 

Usually  both  subjective  and  objective  tests  should  be  combined 
in  making  an  examination.  Sometimes  the  subjective  tests  are  inap- 
plicable, as  in  children  and  illiterates;  but  whenever  they  can  be 
apphed,  they  should,  in  general,  constitute  our  court  of  last  resort,  and 
the  evidence  derived  from  them  should  outweigh  that  of  the  objective 
methods.  In  other  words,  the  correc ting-glass  determined  on  is  that 
which  gives  the  patient  the  best  vision,  and  not  that  which  is  appar- 
ently shown  by  the  ophthalmoscope  and  shadow  test. 

Practitioners  differ  a  great  deal  in  their  estimates  of  the  relative 
value  of  the  tests  and  the  way  in  which  they  should  be  applied  in 
practice.  It  probably  makes  little  difference  what  routine  we  adopt, 
provided  it  be  systematically  pursued  and  contains  a  sufficient  number 
of  tests  to  act  as  checks  upon  each  other,  and  thus  ensure  certainty 
of  result.  I  shall  give  briefly  vty  own  routine,  premising  that  I  do  not 
regard  it  as  essentially  superior  to  any  other  that  may  be  adopted. 

After  taking  the  history  and  getting  at  the  symptoms  I  make  an 
external  and  an  internal  examination  of  the  eye,  using  in  succession 
oblique  illumination,  direct  illumination  by  transmitted  light  with  the 
ophthalmoscope  at  ten  inches,  examination  with  the  ophthalmoscope 
by  the  indirect  method,  and  lastly  examination  with  the  ophthalmo- 
scope by  the  direct  method.  From  this  I  gather,  whether  the  eye  is 
healthy  or  not,  the  probable  amount  of  vision,  the  presence  of  opaci- 
ties or  other  defects  interfering  with  sight,  and  approximately  the 
state  of  the  refraction.  For  the  latter  purpose  I  often  add  an  offhand 
estimate  with  the  shadow  test. 

Those  who  use  the  ophthalmometer  should  here  make  an  examina- 
tion with  this  instrument,  and  thus  determine  the  amount  of  corneal 
astigmatism.  The  same  thing  may  be  roughly  done  with  the  Placido 
disk. 

I  then  take  the  patient's  vision,  and  begin  the  test  with  the  trial 
case,  proceeding  in  the  way  hereafter  described  to  determine  rapidly 
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the  glass  that  corrects  the  manifest  en-or.  I  at  tlie  same  time  test 
the  patient's  vision  for  near,  and  find  the  glass  thjxt  suits  him  for 
readmg.  If,  as  in  most  instances,  I  wish  to  use  a  cycloplegic,  I  then  \ 
instil  homatropine,  and,  innnediately,  before  the  drug  has  time  to 
act,  make  the  muscle  tests.  Later,  when  the  cycloplegic  action  of  the 
homatropine  is  complete,  or  nearly  so,  I  determine  the  refraction  with 
skiascopy.  Then  I  confirm  or  modify  this  result  with  the  trial  case, 
and  finally  check  off  these  last  results  again  by  skiascopy. 

In  certain  cases,  as  in  children  and  in  very  nervous  people,  it  saves 
time  and  is  less  tiresome  to  the  patient  to  cut  the  subjective  examina- 
tion short,  and  to  proceed  at  once  to  the  objective  examination  with 
the  shadow  test,  making  this  as  carefully  as  possible.  Using  the  cor- 
rection thus  found  as  a  basis,  I  again  make  the  test  with  the  trial  case, 
and  now  generally  find  that  there  is  very  little  left  to  do  in  order  to 
arrive  at  the  final  result,  so  that  now  I  do  not  have  to  tax  the  patient's 
attention  unduly  nor  make  much  demand  upon  his  patience  or 
judgmo!nt. 

The  Use  of  Cycloplegics.  As  we  have  seen,  the  myope  may  invol- 
untarily exaggerate  liis  myopia,  and  the  hyperope  wholly  or  partly 
conceal  his  hypero]^ia  by  using  his  acconnnodation.  Patients  whom 
we  examine  for  glasses  are  so  apt  to  do  this  that,  if  we  wish  to  find 
out  the  precise  refractive  state  of  the  eye,  it  often  becomes  necessary 
to  abolish  the  accommodative  effort  altogether.  This  we  do  with  a 
cycloplegic.  The  one  ordinarily  used  is  homatropine,  a  2  per  cent, 
solution  of  which  instilled  every  five  or  ten  minutes  for  five  times 
produces  in  general  complete  paralysis  of  the  accommodation  in  from 
an  hour  to  an  hour  and  a  half  from  the  time  of  the  first  instillation. 
The  effect  soon  begins  to  wear  off,  and  disappears  entirely  in  from 
twenty-four  to  thirty-six  hours.  In  instilling  the  homatropine  it  is 
best,  as  Jackson  suggests,  to  have  the  patient  throw  the  head  back  and 
look  down,  so  that  we  may  drop  the  solution  directly  on  the  upper  part 
of  the  cornea.  The  eye  in  which  the  instillation  is  made  should  be 
held  open  until  the  patient  voluntarily  opens  the  other  eye.  This 
prevents  his  squeezing  the  drop  out  of  his  eye. 

Homatropine  is  an  irritant  producing  a  moderate  congestion  of  the 
eye,  which,  however,  is  transitory,  and  has  no  ill  effects  whatever. 

Sometimes  scopolamine  in  0.1  per  cent,  solution  is  used,  but  in  my 
experience  it  has  no  advantage  over  homatropine. 

In  cases  where  we  wish  to  produce  a  very  thorough  and  lasting 
effect — i.  e.,  in  spasm  of  accommodation — atropine  may  be  used  in 
1  per  cent.,  or  in  particularly  obstinate  cases  1.5  per  cent,  solution. 
This  is  instilled  night  and  morning  for  one  or  two  days  before  the  ex- 
amination. The  patient  should  be  examined  three  hours  after  the  last 
instillation.  The  paralysis  of  the  accommodation  in  these  cases  lasts 
fully  a  week. 

\Vith  the  cycloplegic  near  vision  for  the  hypermetrope  and 
emmetrope  is  rendered  impossible.  Cycloplegics,  besides  abolishing 
accommodation,  dilate  the  pupil.    They  lience  render  the  vision 
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in  ametropia  worse,  not  only  by  preventing  accommodative  effort, 
but  also  by  increasing  the  size  of  the  diffusion  images;  and 
it  is  generally  found  that  even  with  correction  the  vision  under  a 
cycloplegic  is  not  so  keen  as  with  the  pupil  contracted.  Moreover, 
the  dilatation  of  the  pupil,  by  letting  in  an  excess  of  light,  produces  a 
troublesome  dazzling.  To  obviate  this,  the  patient  may  be  directed 
to  wear  smoked  glasses  as  long  as  the  pupils  remain  dilated,  this 
being  especially  necessary  if  he  is  exposed  to  bright  sunlight. 

The  patient  in  whom  atropine  or  homatropine  has  been  instilled 
should  be  warned  not  to  try  to  use  his  eyes  for  near  work  until  the 
effect  of  the  drug  has  completely  worn  off.  Otherwise,  by  using  his 
accommodation  when  still  in  a  weakened  state,  he  may  strain  the 
eye,  and  may  even  cause  a  condition  of  ciliary  spasm.  Hence  a 
patient  should  not  use  his  eyes  for  steady  reading  for  thirty-six 
or,  better  still,  forty-eight  hours  after  the  last  instillation,  if  homatro- 
pine has  been  used;  and  not  for  eight  or,  still  better,  ten  days  if 
atropine  has  been  used. 

Hyperopes,  who  are  so  greatly  dependent  upon  accommodation, 
are  obviously  very  much  affected  by  cycloplegics,  their  sight  being 
rendered  bad  for  distance  and  near.  Myopes,  on  the  other  hand,  for 
whom  accommodation  plays  but  little  part  in  seeing,  suffer  but 
slight  inconvenience. 

Observers  differ  a  good  deal  as  to  the  necessity  of  using  cycloplegics 
ill  determining  refraction.  In  New  York  they  are  not  so  often  em- 
ployed as  elsewhere,  and  many  practitioners  believe  that  they  can  de- 
termine refraction  accurately  without  their  aid.  I  do  not  share  in  this 
belief.  I  have  seen  a  number  of  cases  in  which  the  refraction  could  not 
have  been  determined  otherwise,  and  in  which  a  serious  error  in  the 
prescription  would  have  resulted  if  no  cycloplegic  had  been  employed. 

My  experience,  in  fact,  leads  me  to  use  a  cyclopegic  in  all  cases 
where  I  can  when  the  patient  is  under  forty-five  years,  and  in  some 
cases  when  he  is  between  forty-five  and  fifty.  It  has  been  my  experi- 
ence that  during  the  period  from  forty  to  forty-five  a  cycloplegic  is 
especially  important,  as  at  this  time  patients  are  particularly  apt  to 
exert  their  accommodation  excessively  and  hold  on  to  it  tenaciously. 
In  these  middle-aged  patients  I,  of  course,  take  care  to  exclude  any 
suspicion  of  glaucoma,  in  which  the  instillation  of  a  mydriatic  would 
be  disastrous.  In  my  experience,  homatropine  properly  applied  is, 
in  the  vast  majority  of  cases,  fully  as  efficient  and  reliable  as 
atropine.  I  find,  too,  that  children  yield  readily  to  homatropine — 
quite  as  readily,  indeed,  as  adults. 

Every  now  and  then  we  fail  to  get  complete  relaxation  from  the  use 
of  a  cycloplegic.  This  is  shown  by  the  fact  that  the  patient  will 
take  sometimes  one  glass,  sometimes  another,  and  that  with  the  same 
glass  his  vision  varies,  so  that,  as  he  says,  "the  letters  come  and  go," 
as  he  looks  at  the  test  card.  Furthermore,  the  result  of  the  objective 
examination  with  skiascopy  or  the  ophthalmoscope  will  not  agree 
with  the  glass  found  by  the  trial  case. 
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AVhen  this  happens,  we  give  the  cycloplegic  more  time  to  act,  and  in 
the  meantime  instil  it  several  times  again  at  short  intervals.  If  this 
fails,  we  should  use  atropine  in  1  to  1.5  per  cent,  solution  several  times 
daily  for  a  series  of  days.  But  it  is  very  rarely,  indeed,, that  resort 
must  be  had  to  this  expedient. 

Keratometry.  Placido  Disk  Determination  of  Corneal  Curvature  in 
Astigmatism  by  Keratometry.  The  cornea  acts  like  a  convex  mirror 
and  will  hence  give  a  small,  erect  reflection  of  an  object,  such  as  a  disk', 
placed  in  front  of  it.  The  more  convex  the  cornea,  the  smaller  this 
reflection  is.  What  is  true  of  the  cornea  as  a  whole,  is  true  of  each 
separate  meridian  of  it.  If,  then,  all  the  corneal  meridians  are  equally 
convex,  the  reflection  of  a  circular  disk  will  also  be  circular;  but  if 
some  meridians  are  more  convex  than  others — that  is,  there  is  corneal 
astigmatism— the  reflection  will  be  oval,  and  the  small  diameter  of 
the  oval  will  lie  in  the  meridian  of  greatest  curvature  or  greatest 
refraction. 

This  principle  is  utilized  in  the  application  of  the  Placido  disk. 
This  is  a  white  disk  bearing  a  series  of  concentric  black  rings  painted 
on  it.  (Fig.  2.)  The  observer,  holding  this  before  the  patient's  eye, 
and  looking  through  the  hole  in  the  centre,  sees  the  reflection  of  the  disk 
in  the  cornea.  If  the  reflection  is  circular,  there  is  no  corneal  astig- 
matism; if  it  is  oval,  there  is  regular  corneal  astigmatism,  the  meridian 
of  greatest  curvature  being  in  the  short  axis  of  the  oval.  If  there 
is  irregular  corneal  astigmatism,  the  reflection  will  be  irregularly  dis- 
torted, or  will  change  its  shape  abruptly  when  shifted  from  one  part 
of  the  cornea  to  the  other. 

Since  the  corneal  reflection  of  the  Placido  disk  grows  smaller  as 
the  curvature  of  the  cornea  becomes  greater,  and  also  becomes  more 
oval  as  the  corneal  astigmatism  increases,  we  may,  by  measuring 
this  reflection  accurately  in  its  different  diameters,  calculate  both  the 
actual  curvature  of  the  cornea  in  all  its  meridians  and  the  precise 
amount  of  its  astigmatism.  Both  determinations  are  much  more 
rapidly  made  with  the  ophthalmometer,  which  in  principle  is  a  spe- 
cially modified  Placido  disk. 

Ophthalmometer.  The  ordinary  type  of  ophthalmometer  is  that 
devised  by  Javal  antl  Schiotz.    (Fig.  59.) 

The  ophthalmometer  (Fig.  59)  consists  of  a  telescope,  A,  containing 
a  double-refracting  prism,  a  graduated  disk,  B,  having  a  hole  in  its 
centre  through  which  the  telescope  passes  ;  and  an  arc,  C,  bearing 
two  slides  or  mires,  D  and  E.  The  arc  C  is  attached  to  the  tele- 
scope, which  is  so  mounted  as  to  turn  freely  in  the  central  hole  of  the 
disk  B,  and  as  it  turns  carries  C  around  with  it.  The  hole  is  highly 
illuminated,  usually  by  artificial  light.  The  patient  steadies  his  head 
on  the  chin-rest  F,  and  looks  into  the  large  end  of  the  telescope; 
the  observer,  observing  at  the  patient's  eye  through  the  other  end  of 
the  telescope,  will  see  the  cornea,  and  upon  it  the  reflection  of  the 
disk  and  slides,  but  because  of  the  double-refracting  prism  in  the 
telescope  will  see  two  images  of  each  slide.    The  two  central  images 
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of  D  and  E,  which  are  close  together,  alone  are  observed,  the  two 
outer  ones  bemg  neglected.  Each  of  these  images  is  bisected  by  a 
dark  line,  antl  the  telescope  is  revolved  until  the  dark  line  of  one  image 
is  approximately  continuous  with  the  dark  line  of  the  other.  The 
line  connecting  the  slides  is  then  in  one  of  the  principal  meridians 
of  the  cornea,  that  is,  either  the  meridian  of  greatest  or  the  meridian 
of  least  curvature.    The  mires  are  now  slid  to  and  fro  along  the  arc 


Fig.  59. 


Javal-Schiotz's  ophthalmometer. 


C,  until  the  images  of  D  and  E  just  touch.  The  telescope  is  then 
revolved  through  90°,  when  the  line  connecting  the  slides  will  be  in 
the  other  principal  meridian  of  the  cornea.  If  the  images  D  and  E 
now  overlap  or  are  separated,  there  is  a  corneal  astigmatism  of  an 
amount  proportional  to  their  distance  apart. 

In  the  model  of  ophthalmometer  shown  in  Fig.  59,  the  amount  of 
overlapping  of  the  images  is  measured  directly.   Z)  is  a  parallelogram^ 
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and  IS  a  figure  with  a  series  of  notches  or  steps.  The  instrument 
IS  so  graduated  that  the  number  of  steps  by  which  E  overlaps  D 
represents  the  number  of  dioptres  of  corneal  astigmatism 

In  another  model,  when  overlapping  is  present  after  the  telescope 
has  been  rotated  mto  the  second  position,  the  slides  are  separatee! 
until  they  just  touch  again.  The  amount  by  which  the  slides  have 
been  moved  to  accomplish  this  is  read  off  on  a  scale  behind  the 
disk. 

In  both  varieties  of  the  ophthalmometer  the  radius  of  curvature  of 
the  cornea  in  any  meridian  can  be  determined.  In  the  first  model 
It  is  read  off  from  the  arc  C,  being  shown  by  the  distance  between 
the  slides  when  they  are  separated  so  far  that  their  images  on  the 
cornea  are  just  in  contact.  In  the  second  form  of  ophthalmometer 
the  radius  of  curvature  of  the  meridian  examined  may  be  read  off  on 
a  scale  behind  the  disk.  In  both  forms  of  ophthalmometer  the  index 
shows  the  situation  of  the  meridian  whose  curvature  is  bemg  meas- 
ured, and  in  the  case  of  the  principal  meridians  it  indicates  the 
axis  of  the  correcting  cylinder,  which  must  lie  in  either  one  meridian 
or  the  other. 

The  ophthalmometer  does  not  show  what  kind  of  astigmatism— 
hyperopic,  myopic,  or  mixed— is  present.  That  is,  it  does  not  show 
what  IS  the  abaoiule  refraction  of  the  principal  meridians,  but  only 
which  of  the  two  is  the  more  refractive,  and  the  difference  in  refraction 
between  them. 

Moreover,  the  ophthalmometer  indicates  simply  the  corneal  astig- 
rnatism  and  its  axis.  It  does  not  reveal  either  "the  amount  or  the 
direction  of  the  total  astigmatism,  except  in  aphakia,  where,  the 
influence  of  the  lens  being  removed,  all  the  astigmatism  is  corneal.  In 
any  other  case  the  result  is  only  an  approximation,  although  often  a 
close  approximation  to  the  true  findings. 

OPHTHALMOSCOPY  AS  APPLIED  TO  THE  DETERMINATION 

OF  REFRACTION. 

Direction  of  the  Emergent  Rays  when  the  Fundus  is  Illuminated. 

When  we  throw  light  into  the  eye  with  an  ophthalmoscopic  mirror, 
and  thus  illuminate  the  various  points  of  the  fundus,  these  points 
themselves  send  out  rays  that  diverge  in  every  direction.  On  their 
way  out  these  rays  encounter  the  lens  and  cornea,  which  alter 
their  course  to  a  greater  or  less  degree,  according  to  the  refractive 
power  of  the  eye. 

The  eye  being  but  a  combination  of  lenses,  the  actual  course  taken 
by  these  emergent  rays  will  be  determined  by  the  law  that  governs 
the  direction  of  rays  passing  through  lenses.  This  law,  called  the 
law  of  conjugate  foci,  may  be  thus  stated :  If  a  lens  has  such  a  strength 
that  rays  emanating  from  a  point  R,  are  brought  together  at  a  point 
N,  then  rays  that  emanate  from  the  point  N  and  travel  back  through 
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tlie  lens  will  be  brought  together  at  R,  and  will  form  there  a  real  inverted 
image  of  N.    (Fig.  49.) 

If  the  lens  is  of  such  a  strength  as  to  focus  parallel  rays  at  (Fig. 
43),  then  rays  emanating  from  N  will,  after  passing  back  through  the 
lens,  emerge  'parallel. 

If  the  lens  is  of  such  a  strength  as  to  focus  at  N  rays  D  C,  that 
are  convergmg  to  the  point  R  (Fig.  50),  the  rays  emanating  from 
will,  after  passing  back  through  the  lens,  diverge  as  if  they  came  from 
R,  and  will  form  at  R  an  erect,  virtual  image  of  N. 

To  apply  these  principles  to  the  eye,  we  may  say  that  in  emme- 
tropia  the  rays  that  emanate  from  the  illuminated  fundus  will  emerge 
from  the  eye  parallel  to  each  other;  in  hyperopia  they  will  diverge 
from  the  far  point  lying  back  of  the  eye;  and  in  myopia  they  will 
converge  toward  the  far  point  lying  in  front  of  the  eye;  and  in  either 
case  will  form  at  the  far  point  an  image  of  the  portion  of  the  fundus 
that  is  illuminated. 

The  behavior  of  emergent  rays  is  the  same,  whether  the  eye  is 
naturally  eminetropic,  hyperopic,  or  myopic,  or  whether  it  is  made 
so  by  the  addition  of  a  convex  or  concave  glass  placed  before  the 
eye. 

Determination  of  Refraction  by  Direct  Illumination.  If,  when  we 
stand  off  fifteen  inches  from  the  eye  and  then  throw  light  into  it,  we 
see  a  clearly  defined  image  of  the  optic  disk  and  vessels,  we  know 
that  this  is  the  image  formed  by  the  eye  itself  at  its  far  point,  as 
shown  in  the  preceding  paragraphs,  and  that  this  image  must  be 
either  between  us  and  the  eye  (myopia  of  6  to  7  D.  at  least)  or  behind 
the  eye  and  close  to  it  (hyperopia  of  1  D.  or  more). 

If,  as  we  look  into  the  eye,  we  move  our  head,  this  image'  of  the 
fundus  _  will  move  in  the  opposite  direction  in  myopia  and  in  the 
same  direction  in  hyperopia.  This  is  because  we  refer  the  movement 
to  the  plane  of  the  pupil  which  lies  behind  the  image  in  myopia  and 
in  front  of  it  in  hyperopia.  It  is  the  same  experience  that  we  get 
in  a  railroad  train  when,  looking  out  of  the  window,  we  see  objects  in 
the  foreground  apparently  running  backward  and  objects  in  the  far 
distance  running  forward. 

Determination  of  Refraction  by  the  Indirect  Method.  In  using 
the  indirect  method,  we  should  hold  the  object  lens  with  its  principal 
focus  at  the  anterior  focus  of  the  eye,  that  is,  about  half  an  inch 
in  front  of  the  cornea.  Hence  a  two-and-one-half-inch  lens  should 
be  held  three  inches  from  the  eye.  When  we  do  this,  the  size  of 
the  object  seen  in  the  fundus  is  not  altered  by  the  presence  of  axial 
hyperopia  or  myopia,  and  the  distortion  produced  by  astigmatism 
is  relatively  slight,  so  that  the  optic  disk,  for  instance,  appears 
normally  round. 

^  If,  however,  we  carry  the  lens  closer  to  the  eye,  then  the  apparent 
size  of  the  disk  diminishes  in  myopia  and  increases  in  hyperopia, 
while  in  emmetropia  it  remains  the  same.  If  we  carry  the  glass  away 
from  the  eye,  the  reverse  change  takes  place,  the  optic  disk  becoming 
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apparently  smaller  in  hyperopia  and  larger  in  myopia,  while  in  emme- 
tropia,  as  before,  it  remains  unchanged.  In  marked  hyperopia  and 
myopia  these  changes  take  place  quite  rapidly. 

The  most  strildng  effect  of  these  alterations  is  seen  in  astigmatism. 
If  we  examine  a  patient  with  hyperopic  or  myopic  astigmatism  with 
the  rule,  the  optic  disk  will  look  like  a  horizontal  oval  when  our 
glass  is  close  to  the  eye,  round  when  we  carry  the  glass  back  to  the 
standard  position,  and  a  vertical  oval  if  we  withdraw  the  glass  still 
farther.  In  astigmatism  against  the  rule,  the  disk  will  be  a  vertical 
oval  when  the  glass  is  close,  and  becomes  a  horizontal  oval  when  the 
glass  is  withdrawn.  In  marked  astigmatism  these  changes  are  very 
pronounced. 

Determination  of  Refraction  by  the  Direct  Method.  As  we  have 
seen,  if  we  illuminate  the  fundus  of  an  emmetropic  eye,  rays  will 
emerge  from  it  parallel  to  one  another.  If  we  ourselves  are  emme- 
tropic, or  make  ourselves  so  with  the  proper  glass,  and  relax  our 
accommodation  completely,  we  may,  without  additional  aid,  focus 


Fig.  60. 


N' 


Determination  of  rclVaction  by  the  direct  method.  Rays  emanating  from  the  patient's  retina,  N, 
pass  through  his  lens  and  cornea  (C),  and  if  the  eye  is  emmetropic,  or  has  been  njade  so  by  glasses, 
emerge  parallel  to  one  another.  The  observer's  eye  receives  these  parallel  rays,  and,  if  he  himself 
Is  emmetropic  and  not  using  ills  accommodation,  will  focus  them  ujxjn  his  retina,  jV,  C,  observer's 
cornea  and  lens.    0,  ophthalmoscopic  mirror  perforated  to  allow  the  light  to  pass  through. 

these  parallel  emerging  rays  upon  the  retina,  and  will  get  a  sharp 
image  of  the  patient's  fundus.  (Fig.  60.)  We  will,  in  other  words, 
using  the  ophthalmoscope,  get  a  distinct  image  of  the  fundus  if  we 
look  through  the  sight-hole  simply. 

If  the  patient  is  ametropic,  we  have  now  simpl}^  to  bring  before 
the  sight-hole  of  the  ophthalmoscope  that  lens  which  will  correct  his 
ametropia,  and  thus  render  him  emmetropic.  We  shall  thus,  as 
before,  see  the  fundus  distmctly.  We  thus  arrive  at  this  rule:  the 
glass  which  we  have  to  place  before  the  ophthalmoscope  in  order  to  see 
the  patient's  fundus  distinctly  is  the  glass  that  corrects  his  ametropia. 
Thus  if  we  have  to  place  a  +4  D.,  he  has  a  hyperopia  of  4  D.;  if 
we  have  to  use  a  — 3  D.,  he  is  myopic  3  D.,  etc. 

In  determining  refraction  by  this  method,  we  usually  fix  upon  one 
of  the  fine  vessels,  preferably  near  the  macula,  or  at  least  running 
from  the  temporal  side  of  the  disk,  and  ascertain  the  glass  with  which 
we  can  see  it  most  distinctly.    A  more  satisfactory  test  object  still 
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is  the  fine  granular  markings  of  the  fundus  in  the  vicinity  of  the 
yellow  spot. 

In  astigmatism  we  obviously  cannot  render  the  patient  emmetropic 
by  putting  up  any  of  the  spherical  glasses  contained  in  the  ophthal- 
moscope, consequently  we  cannot  obtain  a  perfectly  distinct  view  of 
the  fundus.  The  most  we  can  do  is  to  render  one  of  his  principal 
meridians  emmetropic.  Suppose  that  he  has  astigmatism  of  4  D. 
with  the  rule,  and  that  his  vertical  meridian  is  hyperopic  ID.  As 
soon  as  we  put  up  a  +1  D.  with  the  ophthalmoscope  his  vertical 
meridian  will  be  emmetropic.  With  such  a  glass  he  would  see  hori- 
zontal lines  distinctly.  As  he  sees  out  of  his  eye  so  we  see  into  it, 
getting  the  same  kind  of  view  of  his  fundus  that  he  gets  of  the  outside 
world.  Hence  with  this  +1  D.  we  shall  see  the  horizontal  vessels 
of  the  retina  sharply,  but  the  vertical  vessels  will  be  confused.  If  now 
we  correct  the  other  meridian  by  putting  up  a  +5  D.,  we  shall  get 
the  reverse  effect,  seeing  the  vertical  vessels  most  distinctly  and  the 
horizontal  ones  very  hazily. 

This  example  shows  us  how  we  arrive  at  the  rule  that  in  astigma- 
tism the  glass  that  gives  us  a  clear  view  of  the  vessels  running  in  the 
direction  of  one  of  the  principal  meridians  measures  the  refraction  of 
the  meridian  at  right  angles,  that  is,  of  the  other  principal  meridian. 

The  disk  seen  by  the  direct  method  will  appear  lengthened  in  the 
direction  of  the  most  refracting  meridian. 

To  take  another  illustration:  suppose  that  by  putting  up  a  +1  D. 
we  notice  the  disk  is  elongated  in  the  meridian  of  80°  and  that  we 
see  the  vessels  in  that  meridian  most  sharply.  With  a  —2  D.  we 
see  most  sharply  the  vessels  in  the  meridian  of  170°.  The  refraction 
of  the  80°  meridian  is  —2  D.,  and  of  the  170°  meridian  is  +1  D., 
and  the  correcting  glass  is  +1  sph.  C  —3  cyl,  ax.  170°. 

The  conditions  for  the  successful  determination  of  refraction  by  the 
direct  method  are  as  follows: 

1.  Our  own  refractive  errors  should  be  corrected  by  the  proper 
glass  and  our  accommodation  completely  relaxed.  The  ability  to  do 
this  varies  in  different  people,  and  I  believe  from  what  I  have  seen 
of  the  discrepant  results  obtained  by  different  ophthalmologists,  that 
their  accommodation  is  seldom  as  completely  under  control  as  they 
beUeve  it  to  be. 

2.  The  patient's  accommodation  should  be  completely  relaxed.  It 
is  generally  supposed  that  he  will  relax  perfectly  if  examined  in  a 
dark  room  without  anything  to  fix  upon.  This  is  by  no  means 
always  the  case. 

3.  The  ophthalmoscope  containing  the  correcting  glass  should  be 
held  at  the  anterior  focus  of  the  patient's  eye;  this  is  a  half  mch 
in  front  of  his  cornea. 

4.  In  the  case  of  astigmatism  we  should  be_  able  to  find  vessels 
running  in  the  direction  of  both  principal  meridians. 

It  is  difficult  to  fulfil  all  these  conditions  with  precision,  and  even 
with  the  aid  of  a  cycloplegic  which  eliminates  the  error  due  to  the 
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patient  s  accommodation,  the  findings  shoukl  be  characterized  as 
approxmiate  only. 

_  The  direct  method  is  much  used  in  estimating  the  relative  i-efrac- 
tion,  and  hence  the  relatiA)e  depth  and  ■prominence  of  the  different 
portions  of  the  fundus.  Thus  if  we  see  the  bottom  of  an  excavation 
m  the  disk  with  a  —4  D.  and  the  edge  with  a  +2  D.,  we  know  that 
the  depth  is  approximately  2  mm.,  corresponding  to'  this  difference 
of  6  D.  So  also  an  exudate  or  a  detachment  which  we  see  distinctly 
with  a  +4  D.,  while  the  surrounding  fundus  requires  only  a  +1  D 
to  make  it  visible,  is  1  mm.  high,  corresponding  to  the  difference  of 


SKIASCOPY,  OR  THE  SHADOW  TEST. 

Principle  of  the  Test  with  the  Concave  Mirror.  If  we  stand  off 
at  1  m.  from  the  patient  and  throw  light  into  his  eye  with  a  con- 
cave mirror— for  instance,  the  mirror  of  the  ophthalmoscope— we  shall 
see  a  hght-red  reflex  filling  the  pupil.  Then,  if  we  turn  the  mirror 
slightly  the  light  will  gradually  leave  the  pupil,  and  darkness  will 
succeed  It,  until  the  pupil  becomes  entirely  black.  The  direction  in 
which  the  light  moves  in  passing  from  the  pupil  depends  upon  where 
the  far  point  of  the  eye  is.  If  the  far  point  is  between  the  observer 
and  the  patient,  the  light  will  move  off  the  pupil  to  the  right  when 
the  mirror  is  turned  to  the  right,  and  vice  versa;  that  is,  the  light 
w.  1  niove  with  the  mirror.  If  the  far  point  is  iK.t  between  the 
patient  and  the  observer,  that  is,  is  either  back  of  the  head  of  the 
observer  or  of  the  hcacl  of  the  patient,  the  light  will  move  against 
the  mirror,  or  to  the  left  >vhen  we  turn  the  mirror  to  the  right 

Instead  of  watching  the  movement  of  the  light,  it  is  usual  to  watch 
the  movement  of  the  dark  area  or  shadow  which  follows  it  and  moves 
wit  1  It  henc(.  the  term  skiascopy,  or  shadow  test,  applied  to  this 
metiiod  of  observation. 

If  then,  standing  at  1  m.  we  see  the  shadow  move  with  the 
mirror,  we  know  that  the  patients  far  point  is  between  us  and  him, 
and  lies  wit  un  1  m.  of  the  eye.  He  must  then  be  myopic  more 
thnn  1  D.  If  we  slowly  approach  him  until  we  reach  a  point  when 
the  shadow  begins  to  move  against  the  mirror,  we  know  that  at  this 
distance  we  have  just  passed  his  far  point,  so  that  it  is  now  just 
backof  our  head.  _  The  point  at  which  this  change  of  movement 
Ironi  with_  to  against  occurs  is  called  the  poi7it  of  reversal  It  ob- 
viously coincides  with  the  patient's  far  point. 

Instead  of  thus  moving  up  to  the  patient  to  ascertain  his  point  of 
reversal  or  far  point  directly,  we  usually  stand  at  one  distance  gener- 
ally 1  m.,  and,  by  putting  glasses  on  the  eye  we  are  examining  change 
Its  refraction  until  the  same  reversal  takes  place.  When  this  has 
been  effected,  we  have  put  his  far  point  just  back  of  us,  that  is,  just 
beyond  1  m.  With  the  next  weakest  glass  we  should  have  put  his 
tar  point  just  at  1  m.  and  made  him  myopic  1  D.    To  make  him 
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emmetropic,  we  should  now  give  him  —1  D.  in  addition,  since  any 
myope  of  1  D.  will  be  made  an  emmetrope  by  a  concave  glass  of 
this  strength. 

If  standing  at  1  m.  we  get  a  movement  of  the  shadow  against  the 
mirror,  we  know  that  the  patient's  far  point  is  between  us  and  him, 
that  is,  he  is  not  myopic  1  D.  or  more.  He  may  be  hvperopic,  emme- 
tropic, or  myopic  less  than  1  D.  To  determine  his  refraction  and  its 
precise  character,  we  now  add  convex  glasses,  thereby  increasing  his 
refractive  power,  until  we  finally  get  a  movement  with  the  mirror. 
We  have  then  just  brought  his  far  point  down  to  within  1  m.  and 
have  made  him  myopic  ID.  As  before,  we  make  him  emmetropic 
by  giving  him  —1  D.  in  addition,  or  by  subtracting  1  D.  from  the 
convex  glass  previously  put  on. 

The  actual  practice  of  conducting  the  shadow  test  may  be  stated 
as  follows; 

We  stand  slightly  more  than  1  m.  from  the  patient.  If,  using 
a  concave  mirror,  we  get  a  movement  of  the  shadow  with  the  mirror, 
we  add  concave  glasses  until  the  movement  just  goes  against.  Th^ 
last  glass  (highest  concave)  with  which  the  shadow  still  moves  with 
the  mirror  is  the  reversing  glass. 

If  the  shadow  movement  is  against  the  mirror  to  start  with,  we 
add  convex  glasses  until  it  just  begins  to  go  with  the  mirror.  The 
first  glass  (lowest  convex)  with  which  the  shadow  moves  with  the 
mirror  is  the  reversing  glass. 

Add_  a  — 1  D.  to  the  reversing  glass,  and  the  sum  will  be  the 
correcting  glass  required. 

Thus,  if  we  get  a  movement  with  the  mirror,  and  if  by  adding  a 
—2  D.  we  get  a  movement  against,  while  a  — 1.75  D.  still  gives  a 
movement  with,  we  know  that  the  patient  is  myopic  —1.75  + 
( — 1)  or  — 2.75  D.  If,  in  another  case,  we  get  a  movement  against, 
which  finally  is  converted  into  a  movement  with  the  mirror,  by 
a  +3  D.,  the  patient's  true  correction  is  +3  +  ( — 1)  or  +2  D. 
So  also  a  movement  against  that  would  be  just  reversed  with  a 
+  1  D.  would  indicate  emmetropia  (  +  1  D.  +  ( — 1  D.)  =  0);  and 
one  reversed  with  a  +0.25  D.  would  indicate  a  myopia  of  0.75  D. 
(  +  0.25  —1  =  —0.75). 

Application  of  the  Plane  Mirror.  Many  use  a  plane  mirror  instead 
of  a  concave.  This  gives  a  brighter  illumination  and  a  better  marked 
movement  of  the  shadow,  but,  as  I  have  repeatedly  found,  from  the 
very  largeness  of  the  movement,  the  plane  mirror  is  likely  to  give 
a  confusing  result  in  determining  the  reversal  in  astigmatism,  and  I 
am  sure  that  I  have  gotten  more  accurate  results  with  the  concave 
mirror  in  these  cases. 

With  a  plane  mirror  the  motion  of  the  shadow  is  just  opposite 
that  obtained  with  a  concave  mirror.  That  is,  when  the  far  point  is 
between  us  and  the  patient  we  get  a  movement  against  the  mirror, 
and  the  rules  above  given  should  simply  be  reversed,  the  word 
"with"  being  substituted  for  "against,"  and  vice  versa. 
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Distance  at  Which  Test  is  Made.  We  may  stand  at  any  distance 
in  making  the  shadow  test.  We  should  then  make  a  proportionate 
addition  to  the  reversing  glass  in  order  to  obtain  the  proper  cor- 
rection. If,  for  instance,  we  stand  at  f  m.,  the  glass  with  which  we 
obtain  reversal  at  that  distance  puts  the  patient's  far  point  at  f  m., 
that  is,  makes  him  myopic  1.50  D.  Plence  we  shall  have  to  add 
— 1.50  D.  to  the  reversing  glass  to  obtain  the  true  correction.  So, 
also,  if  we  stood  2  m.  we  should  have  to  make  an  addition  of  only 
— 0.50  D.  to  our  reversing  glass,  which  in  this  case  will  make  the 
patient  myopic  0.50  D.  In  the  majority  of  cases  a  distance  of  1  m. 
is  most  practicable. 

Testing  the  Result.  To  prove  the  result,  we  put  the  reversing 
glass  before  the  eye,  and,  standing  at  1  m.  or  a  few  inches  beyond, 
note  that  the  shadow  goes  with  the  mirror.  We  now  approach  a 
few  inches.  If  our  reversal  is  accurate,  the  shadow  should  now 
move  against  the  mirror. 

Character  of  the  Reflex.  If  the  ametropia  is  very  high,  the  reflex 
is  very  dull — in  fact,  we  scarcely  see  any  light  in  the  pupil.  In 
proportion  as  we  add  correcting  glasses  and  get  nearer  the  reversal, 
the  reflex  becomes  brighter,  becoming  very  brilliant  and  white  when 
the  reversal  is  reached.  Hence  when  we  see  a  dull  reflex  not  attrib- 
utable to  opacities  of  the  media  we  add  strong  glasses  at  once  (several 
D.  at  least) ;  and  if  the  reflex  is  still  dull,  change  the  glass  for  one 
which  is  1  or  2  D.  stronger.  As  soon  as  the  reflex  becomes  bright  we 
make  slight  changes  (0.50  to  0.25  D.)  in  the  glasses  added. 

The  Test  in  Astigmatism.  To  determine  astigmatism,  the  shadow 
test  is  made  as  follows:  We  put  on  glasses,  +  or  — ,  until  the  move- 
ment in  one  meridian  is  reversed.  When  this  occurs  and  the  astig- 
matism is  of  any  amount,  the  luminous  reflex  is  converted  into  a 
well-defined  hand  of  light  running  precisely  in  the  direction  of 
the  meridian  that  we  have  corrected.  We  then  proceed  to  correct 
the  meridian  at  right  angles  to  this.  We  may  do  this  by  adding  more 
spherical  glasses  until  reversal  is  obtained  in  the  second  meridian 
also.  When  this  is  done,  the  band  of  light  will  be  seen  again;  but 
it  will  now  run  in  the  direction  of  the  second  meridian,  or  at  right 
angles  to  its  former  direction.  The  difference  between  the  reversing 
glasses  of  the  two  meridians  will  give  the  astigmatism,  and  the  direc- 
tion of  the  band  of  light  will  give  us  its  axis. 

Thus,  suppose  that  at  1  m.  we  get  a  movement  against  in  all 
directions.  With  a  -(-2  D.  we  see  a  band  of  light  running  at  75°. 
By  careful  addition  of  glasses  we  find  that  +2.25  D.  just  makes  the 
shadow  go  with  the  mirror  in  this  meridian.  In  every  other  direction 
the  movement  is  still  against.  Making  our  mirror  now  move  pre- 
cisely in  the  axis  of  165°,  we  find  that  when  we  put  on  a  -1-4.50  D. 
the  band  of  light  lies  in  this  axis,  and  when  we  put  on  a  +5  D. 
the  shadow  just  begins  to  go  with  the  mirror.  The  reversing  glass  is 
then  +2.25  D.  in  one  meridian,  and  +5  D.  in  the  other,  and  the 
astigmatism  is  the  difference  between  the  two,  or  +2.75  D.  Adding 
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— 1  D.  for  the  distance  of  the  point  of  reversal,  we  have  as  the  true 
correcting  glasses,  +1.25  D.  and  +4  D.,  respectively,  and  the  total 
glass  correcting  the  error  would  be  +1.25  C  +2.75  cyl.  ax.  75°. 

A  more  accurate  way  to  correct  astigmatism  is,  after  we  have 
obtained  reversal  in  one  meridian,  to  leave  on  the  reversing  glass  and 
add  cylinders  with  their  axes  in  the  line  of  the  correctecl  meridian. 
Thus  in  the  case  stated  we  should,  after  finding  that  +2.25  reversed 
in  the  meridian  of  75°,  leave  this  glass  on,  and  add  +  cylinders  with 
their  axes  at  75°  until  reversal  was  obtained  in  the  meridian  of  165°. 
In  this  case,  if  our  correction  is  accurate,  we  should  get  an  even  rever- 
sal not  only  in  the  meridian  of  165°,  but  in  all  meridians  alike,  for 
our  glass,  if  correct,  abolishes  the  astigmatism  and  makes  the  patient 
simply  myopic  1  D. 

Our  estimate  of  astigmatism  by  the  shadow  test  will  be  faulty 
unless  we  move  the  mirror  strictly  in  one  of  the  principal  meridians. 
If  we  swerve  from  this  meridian,  the  shadow  will  make  an  oblique 
movement,  apparently  sliding  off  the  line  in  which  we  swing  the 
mirror.  Hence  if  we  do  get  an  oblique  movement,  we  should  change 
the  direction  in  which  we  move  the  mirror  until  we  get  it  going  right 
in  the  plane  in  which  the  shadow  tends  to  move.  In  other  words, 
we  should  so  manage  the  mirror  that  when  it  moves  the  shadow  will 
move  precisely  with  or  precisely  against  it,  and  not  slide  off  the 
path. 

This  same  tendency  of  the  shadow  to  make  an  oblique  or  skew 
movement  is  noticed  when  we  apply  cylinders  in  making  the  test, 
and  happen  to  have  placed  the  cylinders  somewhat  out  of  axis. 
When  this  occurs,  we  should  shift  the  axis  of  the  cylinder  until  the 
oblique  movement  ceases. 

In  irregular  astigmatism  we  get  all  sorts  of  irregular  moving  shadows, 
forming  kaleidoscopic  patterns  on  the  pupil.  Such  a  picture  does 
not  necessarily  indicate  an  incorrigible  condition,  for  we  may  by 
patience  determine  a  more  or  less  regularly  moving  shadow  in  addition, 
caused  by  a  regular  astigmatism  which  is  susceptible  of  correction 
by  glasses. 

Central  and  Peripheral  Shadows.  In  meridianal  aberration,  when 
the  cornea  has  a  different  refraction  in  its  centre  and  at  its  periphery, 
we  get  a  double  shadow.  Thus,  with  the  periphery  emmetropic  and 
the  centre  hyperopic  0.75  D.,  we  will,  with  a  +1  D.  before  the  eye, 
see  a  shadow  start  from  the  top  of  the  pupil  and  mpve  down  as  we 
move  our  mirror  down.  At  the  same  time  we  will  notice  a  fine  shadow 
start  from  some  point  in  the  lower  half  of  the  pupil  and  move  upward, 
deepening  as  it  proceeds. 

Not  until  we  have  put  on  a  +1.75  D.  will  this  contrary  movement 
of  the  central  shadow  be  abolished,  so  that  we  get  a  uniform  move- 
ment with  the  mirror  clear  across  the  pupil. 

In  pronounced  cases  of  this  sort  we  find  two  shadows  developing 
near  the  centre  of  the  pupil  and  going  to  meet  each  other,  like  the 
blades  of  a  pair  of  scissors  (scissor  movement). 
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Usually  in  such  cases  the  true  refraction  is  that  shown  by  the 
more  interim-  shadow,  and  not  by  the  peripheral  one.    Thus,  in  the 
case  just  cited,  the  correcting  glass  would  probably  be  +0.75  D 
corresponding  to  the  hyperopia  of  the  more  central  area  of  the  pupii' 

Skiascopy  as  a  Confirmatory  Test.  One  of  the  most  useful  appli- 
cations of  the  shadow  test  is  in  confirming  the  glass  found  by  sub- 
jective examination.  Suppose,  for  instance,  with  the  trial  case  we 
have  found  +1.50  D.  sph.  C  +1.75  cyl,  ax.  90°;  we  add  to  this 
glass  +1  D.,  makmg  +2.50  D.  sph.  C  +1.75  cyl.  ax.  90°.  By  so 
doing,  we  make  the  patient  myopic  1  D.  With  this  glass,  when  we 
use  a  concave  mirror  and  stand  at  a  little  beyond  1  m.  we  should 
get  a  movement  with  the  mirror  in  all  meridians.  Then,  by  goino- 
a  few  inches  nearer  the  patient,  we  should  get  a  movement  against 
the  mirror  in  all  meridians.  If  this  reversal  does  not  take  place  for 
all  meridians  at  the  same  mstant,  but  occurs  a  few  inches  nearer  the 
patient  for  one  than  for  another,  the  astigmatism  is  not  properly  cor- 
rected, and  we  should  change  the  strength  of  the  cylinder  accordingly 
until  the  reversal  is  perfectly  even  for  all  meridians  alike.  If,  agam, 
the  axis  of  the  cylinder  is  not  correct,  we  will  observe  that  the  .shadow 
makes  a  somewhat  oblique  movement,  which  is  corrected  when  we 
set  the  cylinder  at  the  proper  axis.  Finally,  if  the  spherical  glass 
is  not  correct,  e.  g.,  if  in  the  case  cited  it  were  +1.25  instead  of  +1.50, 
we  should  find  that  with  our  trial  glass  the  reversal  would  take  place 
rather  nearer  than  1  m. 

The  Use  of  Cycloplegics.  In  using  the  shadow  test  it  is  generally 
essential  that  the  accommodation  be  relaxed  with  a  cycloplegic, 
although  in_  many  cases  we  may  get  quite  an  accurate  determination 
without  this.  Made  with  a  cycloplegic,  skiascopy  is  an  extremely 
accurate  test.  If  done  with  sufficient  care,  the  refraction  may  be 
estimated  up  to  within  one-eighth  of  a  dioptre. 


SUBJECTIVE  TESTS  IN  GENERAL. 

Varieties  of  Subjective  Tests.  In  all  subjective  tests  of  refraction 
we  ai-e  dependent  u])on  the  information  furnished  by  the  patient 
himself  as  to  what  he  sees.  A  number  of  such  tests  have  been  devised, 
some  of  which  require  the  use  of  elaborate  apparatus,  called  optom- 
eters, refractometers,  etc.  None  of  them  has  superseded  the  use 
of  the  trial  case,  which  is  not  only  the  best  subjective  test,  but  which 
has  to  be  resorted  to  in  any  event,  whether  other  methods  are  used 
or  not. 

_  In  general  it  may  be  said  that  these  other  subjective  tests  are  of 
little  service  or  else  are  superfluous. 

Direct  Determination  of  the  Far  Point  in  Myopia.  In  high 
myo]Dia  we  may  form  a  rough  idea  of  the  amount  of  the  error  by  de- 
termining the  farthest  distanc^e  at  which  the  patient  sees  fine  print. 
If,  for  instance,  he  begins  to  read  it  at  3"  from  the  eye,  we  know 
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that  his  far  point  is  3",  or  that  his  myopia  is  13  D.  This  method, 
of  course,  is  of  very  hmited  apphcation,  and  gives  only  a  rough 
approximation. 

Astigmatic  Clock-face.  The  astigmatic  cloclt-face  is  frequently 
used  as  a  subjective  test.  The  clock-face,  or  fan,  consists  of  lines  or 
bundles  of  lines  radiating  from  the  centre  of  the  dial,  as  shown  in 
Fig.  61.  If  a  man  having  hyperopic  astigmatism  with  the  rule 
looks  at  such  a  dial  he  will  see  the  horizontal  lines  (those  running 
from  III  to  IX)  most  distinctly,  as  his  vertical  meridian  is  most  nearly 
emmetropic.  If  he  has  myopic  astigmatism  with  the  rule,  he  will  see 
the  vertical  lines  running  from  XII  to  VI  most  distinctly;  and  if  he 
has  oblique  astigmatism,  the  corresponding  oblique  meridian  or  the 
meridian  at  right  angles  to  it  will  be  clearest. 

'  These  differences  come  out  most  sharply  when  one  of  the  principal 
meridians  is  emmetropic  or  has  been  made  so  by  a  glass.  Hence 
many,  in  order  to  determine  astigmatism,  proceed  as  follows:  They 


Fig.  61. 


Fig.  62. 
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Astigmatic  clocJi-face. 


Fray's  astigmatic  letters. 


put  on  spherical  (preferably  convex)  glasses  until  one  line  in  the 
clock-face  is  perfectly  sharp.  Suppose  this  to  be  the  vertical  line, 
and  that  the  spherical  glass  used  is  +2  D.  Then,  with  this  glass, 
the  horizontal  meridian  must  be  emmetropic.  Successive  cylinders 
are  now  added  with  their  axes  horizontal  until  the  clock-face  appears 
uniformly  sharp,  so  that  the  lines  are  perfectly  defined.  Suppose  it 
takes  a  —1.25  cyl.  180°  to  do  this.  The  combined  sphere  and  cylinder 
+  2  sph.  C  —1.25  cyl.  ax.  180°  or  +0.75  sph.  C  +1-25  cyl.  ax.  90° 
should  then  be  the  correcting  glass. 

If  this  method  is  adopted,  the  glass  found  should  always  be 
confirmed  by  a  trial  made  with  the  test  types. 

Personally,  I  have  found  that  patients  differ  so  much  in  their 
estimates  of  the  lines  seen  most  distinctly  and  of  the  effect  upon 
the  distinctness  produced  by  adding  glasses,  that  I  do  not  use  the 
clock-face  as  a  primary  test,  but  rather  use  it  at  the  end  of  the  exami- 
nation, to  confirm  the  result  obtained  with  the  test  types,  and  see  if 
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the  glass  I  have  found  with  the  latter  makes  the  clock-face  appear 
perfectly  uniform.  ^^n^^'^^ 

A  modification  of  the  clock-face  is  Fray's  astigmatic  letters,  which 
are  block  letters  made  up  of  horizontal,  vertical,  and  various  oblique 
hues,  io  the  patient  with  astigmatism,  some  of  these  letters  look 
(luite  black  and  some  gray,  according  to  the  axis  of  the  astigmatism 
Testing  with  the  Trial  Case  and  Test  Cards.  By  far  the  best 
method  of  subjective  examination,  and  one  which  should  never  be 
neglected  when  it  can  be  used  at  all,  is  experimental  testing  with  the 
trial  case  and  test  types.  The  trial  case  contains  convex  and  con- 
cave spherical  glasses  from  0.25  D.  or  0.12  D.  to  20  D.,  and  cylindrical 
glasses  from  0.25  D.  to  6,  or  in  some  cases,  8  D.  It  is  always  best 
to  have  these  glasses  in  pairs. 

The  trial  case  contains  also  prisms,  a  blinder  for  covering  one  eye 
when  the  other  is  being  examined,  red  and  other  colored  glasses 
disks  containing  stenop^eic  slits  or  perforations,  etc. 

The  trial  frame  for  holding  the  glasses  used  in  testing  should  be 
strong  and  steady.  It  has  two,  or,  in  some  frames,  three  cells  on 
each  side,  into  which  the  glasses  are  slipped.  In  a  good  frame  these 
cells  may  be  readily  moveil  in  and  out  from  the  nose,  forward  or  back 
toward  the  eye,  and  up  or  down.  We  are  thus  enabled  to  centre 
accurately  the  glasses  placed  before  the  eyes;  and  we  should  take 
care  to  do  this  in  every  case  we  are  testing. 

General  Rules.  In  the  examination  with  the  trial  case  the  following 
general  rules  should  be  borne  in  mind: 

Rule  I.    One  eye  should  be  tried  at  a  time,  the  other  being  covered 
not  clo.sed.    The  vision  of  the  eye  tested  should  then  be  taken.  ' 

Rulp:  II.  The  strength  of  the  glass  we  try  before  the  eye  should  be 
selected  according  to  the  patient's  vision  at  the  time.  This  is  true 
both  of  the  glass  we  begin  with  in  order  to  get  the  first  approximate 
correction,  and  of  the  successive  glasses  we  add  to  this  approximate 
correction,  in  ortler  to  get  nearer  and  nearer  to  the  true  result. 

Thus,  if  we  have  a  patient  with  vision  of  20/200  or  less  and  we  feel 
pretty  sure  froni  the  objective  examination  that  the  poor  sight  is 
due  to  his  refractive  state  alone,  we  woukl  begin  at  once  with  a  spheri- 
cal glass  of  from  3  to  5  D.  (4-  or  —  as  the  case  required).  It  would 
be  of  no  use  to  try  a  much  weaker  spherical  or  any  cylinder,  as  a 
patient  with  this  vision  would  not  appreciate  the  difference  made  by 
such  a  glass.  If  the  vision  were  thereby  increased  to  20/70  or  20/20, 
we  would  add  a  spherical  glass  of  1  to  2  D.  When  the  vision  had 
become  20/40  or  20/50  we  would  add  0.75  sph.  (or  if  applying  cylinders 
a  1.00  D.)  to  the  correcting  glass  already  in.  With  vision  of  20  ,30  + 
or  20,30—  we  would  add  0.50  D.  (sphere  or  cylinder).  Finally,  when 
the  vision  had  become  20/20  we  may  add  a  glass  of  0.25  D.,  as  then 
the  patient  may  be  able  to  notice  the  very  shght  difference  that  a 
glass  of  this  strength  produces. 

This  rule  no  longer  holds  good  when  the  patient  has  poor  vision 
due  to  opacities  in  the  media,  or  in  the  retina  or  nerve.  Then 
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a  weaker  glass  than  that  indicated  by  this  rule  will  often  produce  an 
appreciable  alteration  in  sight.  But  in  such  cases  it  is  best  to  proceed 
according  to 

Rule  III.  In  nervous  and  fidgety  persons,  or  in  children  when  they 
get  tired  and  inattentive,  or  in  any  case  when,  from  defect  in  the 
eye  itself  or  from  lack  of  mental  training,  the  patient  cannot  tell  what 
he  sees,  we  should  dwp  the  testing  ivith  the  trial  case  altogether,  instil 
honiatropine  and  determine  the  refraction  carefully  by  skiascopy. 
When  we  have  made  as  careful  a  determination  as  possible  by  this 
method,  we  may  then,  with  the  glass  thus  found,  resort  to  the  trial 
case  to  confirm  our  result. 

Rule  IV.  In  examination  ivithout  a  cycloplegic  we  select  as  a  meas- 
ure of  the  refraction  the  highest  +  and  the  lowest  —  glass  that  gives 
the  patient  the  best  vision.  It  is  evident  that  a  man  having  full  use 
of  his  accommodation  and  seeing  equally  well  with  a  +2  D.  and  a 
+  2.25  D.  glass,  should  have  at  least  +2.25  D.  hyperopia,  for  if  a 
+  2  D.  really  made  him  emmetropic,  the  addition  of  even  +0.25  D. 
would  blur  his  sight.  So  also,  if  a  patient  can  see  as  well  with  a 
+  0.75  D.  as  without  it,  he  must  have  at  least  0.75  D.  hyperopia,  the 
latter  being  measured  by  the  highest  +  glass  that  he  accepts.  Again, 
if  the  patient  were  myopic  1.50  D.  he  would  see  well  not  only  with 
a  — 1.50  D.,  but  by  using  his  accommodation,  also  with  a  — 1.75  D. 
or  a  — 2  D.,  which  would  over-correct  his  myopia;  hence  the  lowest 
of  the  three  glasses  would  be  the  real  measure  of  his  refraction. 

Rule  V.  When,  on  the  contrary,  we  examine  with  a  cycloplegic, 
we  select  as  a  measure  of  the  refraction  the  lowest  +  and  the  highest 
—  glass  that  gives  the  patient  the  best  vision. 

Rule  VI.  As  we  have  seen,  the  strength  of  a  concave  glass  is 
diminished  and  that  of  a  convex  glass  is  increased  when  the  glass 
is  carried  away  from  the  eye.  For  this  reason  when  testing  refrac- 
tion with  lenses  in  the  trial  frame,  we  should  be  sure  that  they  are  at 
the  same  distance  from  the  eyes  that  the  patient's  glasses  will  be  when 
he  wears  them;  otherwise  we  will  make  an  error  in  our  estimate,  an 
error  which  may  be  of  sensible  amount.  If,  for  instance,  the  trial 
frame  stands  out  too  far  from  the  face,  our  estimate  of  a  —  glass 
will  be  too  strong  and  of  a  +  glass  too  weak.  In  the  case  of  strong 
glasses  the  error  will  amount  to  a  whole  dioptre. 

Rule  VII.  If,  in  the  course  of  the  investigation,  it  becomes 
apparent  that  the  vision  cannot  he  readily  brought  to  normal  by  any 
glass  tried,  it  is  best  to  re-examine  the  eye  with  oblique  illumination 
and  with  the  ophthalmoscope,  to  see  if  any  opacity  in  the  media, 
disease  of  the  fundus,  or  marked  irregular  astigmatism  may  not  be 
present,  causing  an  incorrigible  defect.  Very  often  the  use  of  a 
mydriatic  is  necessary  to  reveal  such  conditions,  especially  in  the  case 
of  lesions  in  the  yellow  spot.  Examination  of  the  field  of  vision  is 
also  often  very  helpful,  as  it  may  reveal  loss  of  central  vision  (due 
perhaps  to  tobacco  amblyopia,  etc.)  or  a  marked  and  increasing  con- 
traction of  the  field,  indicative  of  a  neurasthenic  state  that  causes 
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the  amblyopia.  We  should  also  be  on  the  lookout  for  the  amblyopia 
of  an  eye  that  is  squinting  or  once  was  subject  to  squint. 

Routine  of  Procedure.    My  own  procedure  in  using  the  trial  case 
is  as  follows:  I  first  ap}Ay  the  a-pproximate  correction,  determined  by 
the  cursory  examination  made  with  skiascopy  or  with  the  ophthal- 
moscope.   This  correction  would,  in  general,  be  a  spherical  gla.ss  A 
and  a  cylinder,  B.  '  '  ' 

Second,  I  add  to  this  correction  a  series  of  glasses  selected  according 
to  what  I  call  "the  round  of  the  trial  case."  That  is,  I  add  one  after 
another  quickly: 

1.  A  convex  sphere. 
■  2.  A  convex  cylinder  with  its  axis  m  the  axis  of  B. 

3.  The  same  cylinder  with  its  axis  at  right  angles  to  B. 

4.  A  concave  cylinder  with  its  axis  in  the  axis  of  B. 

5.  The  same  cylinder  with  its  axis  at  right  angles  to  B. 

6.  A  concave  sphere. 

These  additions  form  a  series  of  combinations  which  represent 
practically  all  changes  that  can  be  made  in  the  sphero-cylinder  A  B 
Thus,  if  A  and  B  are  both  convex,  the  additions  made  will : 

1.  Add  to  A  and  leave  B  alone. 

2.  Add  to  B  and  leave  A  alone. 

3.  Diminish  B  and  add  to  vl. 

4.  Diminish  B  and  leave  A  alone. 

5.  Increase  B  and  diminish  A. 

6.  Diminish  A  and  leave  B  alone. 

^  For  example,  if  +2.50  C  +1.25  cyl.  90°  were  the  glass  originally 
m  the  frame  and  a  glass  of  0.50  D.  were  added  in  making  the  "round  " 
the  successive  additions  made  and  the  combinations  resulting  there- 
Irom  would  be  as  follows: 

^'^'^itiom.  JieauUiug  combination. 

+  °  '"^  +  3.00  +  1.25  cyl.  90° 

+  2.50  +  1.75  cW.  90 

+  °f      •  ISO  +  3.00  +  0.75  cyl.  90 

~n;r'  -2  +  2.50  +  0.75  cvl.  90 

-°f°'=>V'°  +  2.00  +  1.75  cyl.  90 

-  O-^"  +  2.00  +  1.25  cyl.  90 

The  strength  of  the  successive  glasses  added  in  making  this  round 
will  be  governed  by  Rule  II. 

_  Third,  as  soon  as  by  making  the  round  I  reach  a  combination  that 
improves  the  sight,  I  substitute  this  new  combination  for  the  old  one 
With  this  new  combination  as  the  approximate  correction  I  start 
again  on  the  round  of  the  trial  case,  not  usually,  however,  from  the 
beginning,  but  adding  a  glass  similar  to  the  one  that  gave  improve- 
ment before.  Thus  if  I  before  got  improvement  by  crossing  with  a 
—  cylinder,  I  keep  on  crossing  —  cylinders  until  I  fail  to  miprove; 
then  I  try  the  next  manoeuvre  of  the  round. 

^  By  making  successive  substitutions  I  soon  get  a  glass  which  is  not 
improved  by  any  additions  (+  or  —  sphere  or  +  or  —  cylinder). 
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Then  I  make  minute  variations  in  the  axis  of  the  cylinder  and  see  if 
this  is  just  right. 

Often  the  patient  cannot  indicate  the  axis  with  precision,  saying, 
for  instance,  that  he  sees  equally  well  with  the  cylinder  at  either  60°  or 
70°.  In  such  a  case  I  turn  the  cylinder  up  (toward  90°)  until  the 
vision  is  evidently  blurred,  then  bring  it  back  until  the  sight  begins 
to  clear  again,  and  then  take  the  reading.  Suppose  this  to  be  80°. 
I  now  rotate  the  cylinder  down  (toward  0°)  until  again  the  siglit 
blurs,  then  once  more  bring  the  cylinder  back  until  the  sight  clears 
up  again.  Suppose  this  to  be  at  50°.  Then  the  axis  must  lie  between 
50°  and  80°. 

Working  between  these  limits,  I  try  again  to  find  at  just  what 
point  below  80°  and  at  just  what  point  above  50°  the  sight  reaches 
its  greatest  clearness.  Suppose  I  can  thus  narrow  the  limits  down 
to  75°  and  65°.  Then  the  axis  of  the  cylinder  in  all  probability 
lies  midway  between  these  limits,  or  at  70°. 

When  this  point  is  settled  satisfactorily  I  may  assume  that  my 
correction  is  perfect,  but,  to  be  sure  of  it,  I  usually  prove  it  by  the 
shadow  test  in  the  way  already  described. 

The  changes  and  successive  substitutions  in  this  round  of  the  trial 
case  are  made  with  great  rapidity,  indeed,  after  a  while,  almost  me- 
chanically, and  thus  in  a  very  short  time  the  proper  glass  can  be 
determined,  and,  in  particular,  we  can  be  sure  that  no  other  glass  than 
the  one  we  have  fixed  upon  will  answer  as  well. 

In  order  to  determine  whether  the  vision  with  the  pupil  dilated  by 
a  cycloplegic  represents  what  the  vision  will  be  when  the  pupil  con- 
tracts to  its  normal  size,  I  slip  a  disk  with  a  4  mm.  aperture  in  it 
over  the  correcting  glass  in  the  trial  frame.  I  thus,  in  effect,  reduce 
the  pupil  to  the  normal  size  and  eliminate  the  disturbing  effect  of  the 
rays  passing  through  the  periphery  of  the  pupil,  which  often  are  not 
refracted  like  those  passing  through  the  centre.  In  most  cases  this 
disk  will  improve  the  sight,  and,  in  particular,  will  make  the  test 
letters  look  sharper  and  blacker.  If  this  is  the  case,  I  feel  confident 
that  the  correction  is  the  proper  one,  and  will,  after  any  necessary 
reduction  in  the  spherical  component,  be  accepted  when  the  effect 
of  the  cycloplegic  has  subsided. 

It  should  be  noted  that  the  test  at  20  feet  does  not  always  give  the 
best  results  for  far  distance.  It  is  well,  therefore,  to  try  the  glass 
that  we  have  found  by  having  the  patient  look  out  of  the  window 
into  the  far  distance  and  then  to  observe  whether  a  —  0.25  D.  added 
does  not  sharpen  the  sight  materially,  defining,  for  instance,  the 
lines  of  bricks  and  mortar,  etc.,  in  distant  houses  better.  If  it  does, 
the  corresponding  reduction  should  be  made  in  the  glass  determined 
for  distance. 

After  I  have  determined  the  correcting  glass  for  each  eye  separately, 
I  often  find  it  an  advantage,  especially  in  testing  hyperopes  without 
a  cycloplegic,  to  put  the  correction  for  each  eye  in  the  frame,  and  have 
the  patient  look  at  the  test  cards  with  both  eyes  at  once.    It  may 
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then  turn  out  that  lie  will  take  some  addition  to  the  correction  in 
one  eye  or  both  which  he  did  not  take  before. 

The  test  for  near  is  made  simply  by  putting  on  each  eye  its  proper 
correction  and  then  making  the  patient  use  both  eyes,  and  find  what 

adilitional  glass  he  needs  for  his  reading  or  working  distance  i.  e 

we  make  the  patient  essentially  an  emmetrope  by  glasses,  then  con- 
duct the  examination  in  the  same  way  as  for  emmetropes.  (See 
Chapter  II.)  This  examination,  of  course,  should  be  made  either 
before  instilling  the  cyclopegic  or  else  some  days  after  the  effect  of 
the  latter  has  subsided. 

An  example  will  indicate  more  clearly  the  method  of  procedure. 
A  patient  not  under  a  mydriatic  has  vision  of  20/20.  I  put  on  him 
+  0.50,  then  +0.75,  then  +1.00  D.,  which  he  accepts;  but  he  rejects 
a  + 1.25  D.,  that  blurring  his  sight  a  little.  Leaving  the  +1.00  sph. 
in,  I  add  +0.50  cyl.  ax.  first  at  90°,  then  at  180°.  Both  are  rejected j 
but  the  former  gives  less  blurring.  I  then  add  —0.50  cyl.  180°,  which 
converts  the  +1.00  into  +0.50  C  +0.50  cyl.  ax.  90°.  This  sharpens 
the  sight  considerably,  and  I  immediately  substitute  +0.50  C  +0.50 
cyl.  ax.  90°  for  the  +1.00.  As  the  patient  shows  astigmat^m  with 
the  rule,  I  follow  the  lead  that  he  indicates  by  now  adding  successively 
+  0.50  cyl.  ax.  90°,  and  —0.50  cyl.  ax.  180°.  With  neither  is  the 
sight  better,  nor,  in  fact,  is  it  as  good  as  without  the  glass.  Now 
making  the  "round"  with  a  +0.25  D.  sph.  and  cylinder,  I  find  that 
the  sphere  improves  more  than  the  cylinder,  indicating  a  correction 
of  +0.75  sph.  C  +0.50  cyl.  ax.  90°.  The  patient  accepts  no  further 
change.  I  now  rotate  the  cylinder  and  find  that  the  sharpest  vision 
and  also  the  completest  equalization  of  lines  of  the  astigmatic  clock- 
face  are  obtained  with  the  cylinder  at  80°.  The  finaJ  correction, 
therefore,  is  +0.75  sph.  C  +0.50  cyl.  ax.  80°. 

The  other  eye  tested  in  the  same  way  shows  +0.50  sph.  C  +0.75 
cyl.  ax.  100°.    With  both  eyes  together  he  accepts  an  addition  of 
+  0.50  sph.,  and  for  reading,  takes  a  further  addition  of  +0.75  sph. 
His  distance  glass,  therefore,  would  be  R.  +1.25  sph.  C  +0.50  cyl. 
ax.  80°;  L.  +1.00  sph.  C  +0.75  cyl.  ax.  100°.    His  reading  glasses 
would  be  R.  +2.00  sph.  3  +0.50  cyl.  ax.  80°;  L.  +1.75  sph.  ^ 
+  0.75  cyl.  ax.  100°  ^ 
Take  another  instance:    A  patient  under  homatropine  has  indi- 
cated by  the  ophthalmoscope  and  the  shadow  test  a  glass  of  about 
+  1.75  sph.  C  +1.00  cyl.  75°.    With  this  he  gets  20,40  vision.  I 
add  in  succession  +0.50  sph.,  +0.50  cyl.  75°,  +0.50  cyl.  160°,  —0.50 
cyl.  75°,  —0.50  cyl.  165°,  and  —0.50  sph.     I  find  that,  of  all  these 
combinations,  —0.50  c}^.  165°  improves  the  most.    I  substitute  the 
correspomUng  combination,  +1.25  sph.  C  +1.50  cyl.  ax.  75°,  and 
now  get  20  30+  vision.    I  again  add  —0.50  cyl.  ax.  165°,  but  fail 
to  improve;  then  +0.50  cyl.  75°,  with  the  same  result.    —0.50  sph., 
however,  seems  a  little  better,  and  when  I  try  the  "round"  with 
0.25  D.  glasses  I  get  improvement  with  —0.25  sph.    Makmg  the 
"round"  again,  no  glass  added  helps.  I  change  the  axis  of  the  cylinder 
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and  fail  to  get  any  certain  result,  the  patient's  answers  being 
rather  vague.  The  patient,  therefore,  seems  to  have  +1.00  sph.  3 
+  1.50  cyl.  75°  To  prove  it,  I  put  in  the  trial  frame  a  +2.00  sph.  3 
+  1.50  cyl.  ax.  75°  and  apply  the  shadow  test  at  1  m.  I  find  that 
the  shadow  moves  with  the  mirror  in  all  directions,  but  there  is  a 
slight  oblique  movement  which  is  corrected  by  rotating  the  cylinder 
until  it  stands  at  60°.  I  then  find  that  I  get  complete  reversal  in  the 
meridian  of  60°  when  I  stand  just  within  1  m.,  but  do  not  get  reversal 
in  the  meridian  of  150°  until  I  go  back  some  distance  beyond  1  m. 
The  cylinder  then  needs  strengthening.  Substituting  +1.75  cyl.  ax. 
60°  for  the  +1.50  cyl.  already  in,  I  now  find  that  I  get  complete 
even  reversal  in  all  meridians  alike  at  1  m.  The  correction  is,  there- 
fore, +  1.00  sph.  C  +1.75  cyl.  60°.  With  this  we  find  the  patient 
now  gets  20/20+,  and  the  astigmatic  clock-face  is  perfectly  even. 
He  gets  even  sharper  siglit  Avhen  I  put  up  a  diaphragm  with  a  4 
mm.  aperture,  which,  in  effect,  restores  his  pupil  to  the  natural  size. 
But  when  he  looks  out  of  a  window  he  sees  far  distant  objects  better 
with  — 0.25  added.  Hence  his  full  correction  for  distance  is  finally 
determined  as  +0.75  sph.  C  +1.75  cyl.  60°. 

Rules  for  the  Prescription  of  Glasses.  It  being  supposed  that 
we  have  foimd  a  jDatient's  total  refractive  error,  we  now  have  to 
determine  what  glass  to  prescribe  for  him.  This  depends  upon  so 
many  factors  that  no  rule  can  be  laid  down  which  will  cover  all 
cases.    The  following  are  the  general  principles  that  I  follow: 

1.  I  correct  all  the  astigmatism  that  the  patient  has,  unless  it 
is  over  6  D.,  in  which  case  he  is  sometimes  more  comfortable  and 
gets  quite  as  good  vision  with  the  astigmatism  slightly  under- 
corrected.  I  do  not,  however,  hesitate  to  prescribe  cylinders  of  more 
than  6  D.,  when  these  give  appreciably  better  sight  than  glasses  of 
less  strength 

Astigmatism  of  only  0.25  or  0.50  D.  I  do  not  prescribe  for,  unless 
the  symptoms  (asthenopia,  blurring  of  sight,  etc.)  seem  particularly 
to  call  for  the  correction,  or  unless  the  patient  has  to  use  his  eyes 
for  very  close  and  continuous  near  work,  or  finally,  unless  the  patient 
is  going  to  use  a  glass  anyhow,  in  which  case  I  regularly  add  the  cylin- 
drical correction  that  he  requires,  however  small. 

2.  I  correct  the  full  amount  of  myopia,  and,  wherever  I  can,  have 
the  patient  use  the  same  correction  for  distance  and  near.  If  he  is 
much  beyond  the  age  of  forty  years,  this  is,  of  course,  impossible; 
and  even  below  that  age  we  may  have  to  give  the  myope  different 
glasses  for  reading  and  distance,  particularly  if  he  has  not  used  con- 
cave glasses  before  for  near  work.  But  in  myopes  under  forty  years 
of  age  I  make  the  attempt  at  any  rate  to  get  them  to  use  their  full 
correcting  glass  for  all  purposes,  and  I  find  that  I  generally  succeed 
if  the  patients  are  at  all  faithful  in  following  my  instructions. 

I  consider  it  particularly  important  to  correct  myopia,  whether  of 
low  or  of  high  degree,  in  children,  and  to  make  them  wear  their 
glasses  constantly.    I  am  very  strongly  of  the  belief  that  this  course 
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tends  more  than  anything  else  to  retard  the  further  development  of 
the  myopia. 

It  is  also  of  very  great  importance  to  correct  fully  the  myopia,  and 
to  msist  upon  the  patient's  ushig  his  glass  for  all  purposes  when  he 
has  a  convergence-insufficiency.  The  evidences  of  this  will  be  an  exo- 
phoria  which  is  much  more  marked  for  near  than  for  distance,  and 
a  tendency  to  recession  of  the  near  point  of  convergence,  indicating 
that  the  ability  to  maintain  binocular  fixation  at  near  points  is  failing. 
In  such  a  case  the  use  of  fully  correcting  concave  glasses  for  both 
distance  and  near,  by  stimulating  the  accommodative  power,  may 
prevent  the  development  of  a  divergent  squint. 

Myopia  of  very  high  degree  may  have  to  be  under-corrected  on 
account  of  the  annoyance  that  the  very  strong  glasses  often  produce. 
But  I  believe  that  we  may  generally  prescribe  glasses  up  to  18  D., 
and  in  certain  cases  may  give  even  stronger  glasses  with  advantage.' 

3.  I  correct  all  the  absolute  and  all  the  manifest  Injperopia. 

The  latent  hyperopia  I  under-correct  according  to : 

a.  The  age  of  the  patient.  The  older  he  is  the  less,  in  general,  we 
can  leave  uncorrected.  No  absolute  rule  can  be  laid  down,  but  it 
may  be  stated  that  in  chiklren  under  twelve  years  of  age,  from  1 
to  2  D.  of  latent  hyperopia  may  often  be  disregarded;  from  twelve 
to  twenty-five  years  of  age,  0.75  to  1.25  D.;  and  from  twenty-five  to 
forty  years  of  age,  0.50  to  0.75  D. 

b.  The  conditions  binder  xoMch  he  works.  If  he  has  to  use  his 
eyes_  excessively,  especially  at  some  trying  kind  of  near  work,  and 
particularly  if  by  artificial  light,  I  should  give  him  a  stronger  glass 
than  if  he  were  using  his  eyes  mainly  foi-  distance  and  by  day- 
light. 

c.  His  sijmptoms.  A  patient  with  asthenopia,  headache,  and  other 
evidences  of  eyestrain,  will  require  a  fuller  correction  of  his  hyper- 
opia than  one  who  has  no  such  symptoms.  So,  also,  one  suffering 
from  acconunodative  weakness,  tlue  either  to  neurasthenia  or  to  the 
effects  of  recent  disease,  will  require  the  correction  of  nearly  or  quite 
all  of  his  hyperopia,  even  if  of  low  degree. 

d.  The  mxLscular  conditions.  A  patient  with  esophoria,  and,  still 
more,  one  with  an  actual  convergent  sfjuint,  due  to  convergence- 
excess,  should  wear  constantly  the  full  correction  of  his  hyperopia 
or  within  0.25  D.  of  it.  Experience  has  shown  that  it  is  only  by  the 
persistent  and  long-continued  wearing  of  the  full  correction  that  the 
best  results  are  obtained  in  these  cases. 

Per  contra,  a  patient  with  marked  exophoria,  and  particularly 
an  exophoria  due  to  convergence-insufficiency,  often  does  better  if 
his  hyperopia  is  moderately  mider-corrected. 

A  simple  hyperopia  of  0.25  to  0.75  D.,  or,  in  children,  of  even 
1.00  D.,  may  in  most  cases  be  left  uncorrected  unless  it  is  producing 
blurring  of  sight,  asthenopia,  or  a  convergence-excess. 

In  anisometropia,  whenever  the  sight  in  both  of  the  eyes  can  be 
brought  up  to  anything  like  the  normal,  I  try  to  either  give  the  full 
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correction  in  both,  or  else  reduce  the  full  correction  by  an  equal 
amount  in  both  eyes,  and  I  tell  the  patient  that  he  should  wear  the 
glass  steadily,  that  he  may  expect  to  have  some  trouble  with  it 
for  the  first  week,  and,  possibly,  for  the  first  two  weeks,  but  that  he 
should  persevere  with  it,  nevertheless.  The  indication  for  thus  cor- 
recting anisometropia  I  regard  as  particularly  important  when,  as 
often  happens,  there  is  a  marked  tendency  to  deviation  of  the  eyes 
(insufficiency  or  squint). 

B}'  attending  to  the  considerations  above  presented,  it  is  often  pos- 
sible to  prescribe  the  proper  glass  at  once  from  the  results  of  the  first 
examination,  made  with  a  cycloplegic.  In  some  cases,  however,  par- 
ticularly when  the  results  of  examination  before  homatropine  and 
under  liomatropme  are  very  discrepant,  and  particularly,  also,  when 
there  is  doubt  as  to  the  proper  reading-glass  to  be  given,  it  is 
safer  to  have  the  patient  report  for  re-examinaiion  a  day  or  two  after 
the  effects  of  the  cycloplegic  have  worn  off.  When  he  does  so,  I  put  on 
each  eye  the  full  sphero-cylindrical  correction  found  under  the  cyclo- 
plegic, and,  having  the  patient  use  both  eyes,  find  what  he  can  see. 
If  he  does  not  get  full  vision,  I  change  the  spherical  glasses  (but,  if 
possible,  do  not  change  the  cylinders)  until  his  sight  is  brought  to 
the  normal.  This  gives  me  his  vianifest  correction.  The  difference 
between  this  and  the  glass  found  under  the  cycloplegic  is  his  latent 
hyperopia.  Then  the  glass  I  prescribe  for  him  will  be  the  manifest 
correction  plus  a  spherical  glass  whose  strength  represents  that  por- 
tion of  the  latent  hyperopia  which,  I  think,  ought  to  be  corrected, 
taking  into  account  the  patient's  age,  the  kind  of  work  that  he  has  to 
do,  the  amount  of  his  asthenopia,  etc. 

If  the  patient  has  a  convergent  squint,  I  pay  no  attention  to 
manifest  correction,  but,  as  before  stated,  give  the  full,  or  practi- 
cally the  full  correction,  no  matter  whether  the  patient  has  poor 
sight  with  it,  or  not,  and  direct  him  to  use  it  constantly. 

Whether  a  glass  shall  be  worn  constantly  or  not  depends  upon  the 
amount  and  kind  of  refractive  trouble  present  and  upon  the  symp- 
toms. Persons  with  astigmatism  of  1  D.  or  over,  persons  with  myopia, 
whether  low,  moderate,  or  high,  and  persons  with  a  hyperopia  that  is 
sufficiently  high  to  occasion  asthenopia  or  other  evidences  of  eyestrain, 
should  wear  their  glasses  all  the  time.  And  in  most  other  cases,  if 
glasses  are  to  be  worn  at  all,  it  is  better  for  the  patient  to  use  them 
constantly,  provided,  of  course,  they  are  not  prescribed  simply  for 
presbyopia.  When,  however,  a  convex  spherical  or  cylindrical  glass 
is  of  plight  amount  and  is  prescribed  for  an  asthenopia  occurring 
solely  in  near  work,  the  patient  may  be  permitted  to  do  without  the 
glass  for  distance.  Yet  even  in  this  case  it  is  best  to  direct  the  patient 
to  wear  the  glass  continuously  for  a  time,  as  by  so  doing  he  will 
accustom  himself  to  it  much  more  quickly.  I  usually  tell  such 
patients  that  they  should  wear  their  glasses  all  the  time  for  three  or 
four  weeks,  and  that  then  they  may  discard  them  for  distance  if 
they  choose.    Often  at  the  end  of  the  time  set  they  will  of  their 
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own  volition  continue  to  wear  the  glasses  constantly-which  will 
on  the  whole,  be  a  good  thing.  ^  ' 

A  constant  wearing  of  the  correcting  glass  is  particularly  indicated 
When  there  is  (a)  a  convergence-insufficiency  combined  with  mvooia 
or  a  convergence-excess  combined  with  hyperopia,  or  (6)  a  spasm  of 
accommodation  or  (c)  a  beginning  myopia  in  childhood,  or  (d)  a 
pronounced  astlienopia  with  its  attendant  symptoms  of  eyeache  and 
headache,  or  (e)  neurasthenia  with  eye  symptoms  and  sometimes 
also,  when  no  eye  symptoms  are  present 

•  ^^ffi^i^ties  Encountered  in  Wearing  Glasses.  Many  people  expe- 
rience difficulty  when  they  put  on  glasses  for  the  first  time.  Generally 
speaking  these  difficulties  vanish  after  the  glasses  are  used  for  a  few 
days,  particularly  if  they  are  worn  constantly.  Hence,  if  a  patient  does 
conie  back  two  or  three  days  after  getting  his  glasses  and  complains 
that  he  cannot  see  well  or  comfortably  with  them,  he  should  be  told 
to  put  them  on  and  wear  them  steadily  for  at  least  a  week,  and  that 
he  should  not  be  discouraged  if  he  does  not  become  perfectly  accus- 
tomed to  them  before  the  week  is  over.  In  fact,  we  should,  as  a  rule 
not  think  of  changing  a  glass  simply  on  accomit  of  the  difficulty  expe- 
rienced m  using  it  until  constant  use  for  at  least  three  weeks  has 
proved  it  unsuitable.  In  the  great  majority  of  cases  it  will  be  found 
at  the  end  of  this  period  that  whatever  trouble  the  glasses  occasioned 
at  the  outset  will  have  entirely  disappeared,  provided  proper  care  was 
taken  in  prescribing  the  glasses  in  the  first  place. 

The  difficulties  experienced  in  using  glasses  may  arise  from  changes 
they  produce  m  the  size  of  objects.  Myopes  often  complain  that 
their  glasses  make  objects,  especially  objects  close  to  them,  look  too 
small,  so  that,  they  find  difficulty  in  reading,  sewing,  or  doing  any 
hue  close  work  with  the  correction  prescribed  for  distance.  Usually 
t  ns  difficulty  passes  away  after  a  while,  aiul,  in  the  expectation  that 
this  will  take  place,  we  should  always  encourage  the  myope  to  keep 
on  with  his  glasses  for  a  week  or  two  at  least,  in  order  to  see  if  he 
will  not  gradually  get  accustomed  to  them  for  all  purposes.  If,  as 
exceptionally  happens,  he  cannot  get  used  to  them,  then  we  shall 
have  to  give  him  a  weaker  glass  for  near  work.  How  much  weaker 
must  be  determined  by  experiment;  but  in  any  case,  if  he  is  under 
forty  years  of  age,  we  try  to  get  his  reading-glass  as  near  to  his  dis- 
tance-glass as  possible. 

Hyperopes  sometimes  complain  that  their  glasses  make  near  ob- 
jects Ipok  too  large  and  coarse.  This  difficulty  is  probably  always 
remedied  by  more  prolonged  use  of  the  glasses. 

Glasses  also  cause  trouble  by  altering  the  shape  of  objects  looked 
at.  This  is  particularly  the  case  with  C3dinders,  which  often  make  a 
square  appear  oblong,  or,  more  frequently  still,  trapezium-shaped 
(narrower  at  the  top  than  at  the  bottom),  and  make  horizontal  sur- 
faces appear  sloping.  Prismatic  glasses  have  the  same  efi"ect,  and 
so  do  spherical  glasses  when  the  wearer  looks,  obliquely  through  them 
or  sees  through  their  edges.    This  distortion  produced  by  glasses  is 
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often  quite  annoying,  but  usually  passes  off  soon  (within  a  week  or 
two  in  most  cases).  Very  seldom  we  have  to  obviate  it  by  reducing 
the  strength  of  the  glasses. 

Another  disagreeable  effect  produced  by  glasses  is  an  alteration  in 
the  distinctness  of  objects  looked  at.  Hyperopes  often  complain  of 
the  blurring  produced  by  their  convex  glasses  when  these  over-correct, 
even  by  a  very  little,  their  manifest  hyperopia.  Sometimes  even 
very  prolonged  use  of  the  glasses  does  not  obviate  this,  as  they  hold 
on  very  tenaciously  to  their  accommodation,  and  so  do  not  allow 
any  further  amount  of  their  latent  hyperopia  to  become  manifest. 
We  should  in  such  a  case  make  the  patient  use  his  glass  steadily  for 
three  or  four  weeks.  If  at  the  end  of  this  time  there  were  signs 
that  the  excessive  accommodation  was  giving  way,  or,  in  any  case, 
if  the  blurring  was  not  very  annoying,  we  should  continue  the  glasses 
for  a  further  period  of  three  weeks.  If,  however,  the  blurring  con- 
tinues, and  particularly  if  it  is  causing  the  patient  much  annoyance, 
we  must  then  weaken  his  glass  somewhat,  telling  him  that  later  on  he 
will  need  to  have  it  made  stronger  again.  In  particularly  obstinate 
cases,  where  the  proper  glass  causes  persistent  blurring,  and  where  the 
weaker  glass  that  would  give  better  sight  is  not  sufficiently  strong  to 
relieve  the  asthenopia,  we  will  have  to  use  a  course  of  atropine  (1  to 
1.5  per  cent  solution  instilled  three  times  a  day,  for  a  week  or  two). 

Quite  the  same  blurring  is  found  in  myopes  with  a  spasm  of  accom- 
modation. But  here  we  should  by  no  means  yield  to  the  patient's 
desire  for  a  stronger  concave  glass,  but  insist  upon  his  wearing  the 
proper  correction  as  found  under  a  cycloplegic.  If  the  accommodation 
remains  still  in  a  state  of  spasm,  we  should,  as  in  the  hyperopes,  use 
atropine,  instilled  three  times  a  day,  for  two  weeks. 

Blurring  is  often  noticed  with  convex  glasses  that  have  been  pre- 
scribed for  near  work,  whether  in  hyperopes  or  presbyopes.  If  this 
persists,  we  should  alter  the  strength  of  the  glass  accordingly,  being 
careful  to  test  the  patient  as  nearly  as  may  be  under  the  same  con- 
ditions as  those  under  which  he  works. 

Myopes  and  astigmatics  sometimes  complain  that  their  vision 
is  too  sharp  with  their  glasses.  They  miss  the  mitigating  haze  that 
formerly  invested  all  objects  that  they  saw.  They  soon,  however, 
become  used  to  the  new  conditions,  and  learn  to  enjoy  the  increased 
definition  and  clearness  of  everything  they  look  at. 

Another  way  still  in  which  glasses  cause  trouble  is  by  altering  the 
muscular  relations  of  the  eye.  A  convex  glass,  by  doing  away  with 
the  necessity  for  using  the  accommodation,  may  cause  a  temporary 
convergence-insufficiency,  which  produces  a  tendency  to  diplopia  and 
consequent  blurring  of  sight  at  near  points.  If  this  does  not,  as  is 
usually  the  case,  soon  disappear  with  the  continued  use  of  the  glasses, 
we  may  have  to  exercise  the  convergence  with  prisms,  base  out,  or 
in  some  cases  even  have  to  diminish  the  strength  of  the  convex  glass. 
The  prescription  of  prisms,  base  in,  for  constant  wear  is  not  advis- 
able in  these  cases,  since,  although  affording  temporary  relief  to  the 
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symptoms,  it  is  apt  to  cause  a  progressive  increase  in  the  devia- 
tion. 

_  So,  also,  a  concave  glass,  by  compelling  the  use  of  the  accommoda- 
tion, which  before  was  not  in  use,  may  produce  a  temporary  conver- 
gence-excess, and  this  may  likewise  cause  slight  diplopia  and  blurring 
for  near  vision.  This,  if  persistent,  may  be  remedied  by  practising 
the  divergence  at  near  pomts  (one  foot  or  less)  with  prisms  of  15° 
or  16°,  base  in.  The  prescription  of  prisms,  base  out,  for  constant 
wear  is  not  advisable  in  these  cases. 

If  a  muscular  deviation  is  already  present,  the  troubles  to  which  it 
gives  rise  may  be  accentuated  by  glasses.  This  is  particularly  the 
case  if  the  deviation  is  such  as  to  produce  diplopia.  This  diplopia 
may  not  occasion  trouble  so  long  as  one  or  both  of  the  double  images 
are  faint,  so  that  one  of  them  can  be  readily  ignored.  But  when  the 
glass  makes  both  images  distinct,  they  can  no  longer  be  neglected, 
and  both  obtrude  themselves  disagreeably  upon  the  patient's  notice,' 
causing  a  sense  of  confusion  and  uncertainty  that  amounts  to  abso- 
lute distress. 

Lastly,  a  disturbance  in  muscular  relations  may  be  produced  by 
the  -prismatic  effect  of  the  glasses.  All  glasses  act  as  prisms  if  their 
wearer  looks  through  their  edges  instead  of  their  centres  or  if  they 
are  decentred.  If  he  looks  nearly  through  the  centre  of  one  glass 
and  through  the  edge  of  the  other,  or,  if  the  glasses  are  of  different 
strengths,  and  he  looks  through  the  edges  of  both,  he  will,  in  effect, 
have  a  different  prism  before  one  eye  than  before  the  other,  and  will 
hence  tend  t»_see  double.  If  he  actually  sees  double,  his  sight  will 
be  confused ;  if  he  overcomes  the  diplopia  by  muscular  effort,  he  is 
likely  to  suffer  from  asthenopia.  This  often  happens  with  strong 
glasses  which,  owing  to  their  weight,  are  apt  to  sag  and  get  out  of 
adjustmcMit. 

The  rcMiuHly  for  this  is  to  see  that  the  glasses  are  very  carefully 
centred,  or,  if  decentred,  are  so  tlisposed  as  to  produce  an  equal 
prismatic  effect. 

These  various  difficulties  due  to  glasses  are,  of  course,  more  apt  to 
be  produced  with  strong  glasses  than  with  weak  ones;  yet  it  has 
been  my  experience  that  very  strong  spherical  glasses,  and  in  par- 
ticular, very  strong  cylinders  are  borne  without  much  difficulty— 
in  fact,  quite  as  well  as  those  that  are  much  weaker. 

Some  of  the  greatest  difficulties  are  experienced  in  anisometropia. 
Yet  even  here,  if  persistent  efforts  are  made  for  a  couple  of  weeks  to 
use  the  glasses  properly  correcting  both  eyes,  the  difficulties  will, 
in  most  cases,  ultimately  disappear,  and  the  sight  will  be  much  better 
and  more  satisfactory  with  the  glasses  than  without  them. 

The  Adjustment  of  Glasses.  It  is  important,  as  we  have  just 
seen,  that  glasses,  especially  if  at  all  strong,  should  be  accurately 
centred — i.  e.,  their  optical  centres  should  Ue  opposite  the  centres 
of  the  pupils.    Moreover,  the  nose-piece  should  be  so  adjusted  as 
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not  to  allow  the  glasses  to  oscillate  or  become  tilted,  ptherwise, 
the  glasses  may  produce  a  prismatic  or  a  cylindrical  effect  which 
was  not  intended. 

The  frames  should,  in  general,  be  so  adjusted  that  the  glasses  will 
stand  at  the  anterior  focus  of  the  eye— i.  e.,  about  one-half  inch  in 
front  of  the  cornea. 

Glasses  intended  mainly  or  exclusively  for  reading  should  be  dropped 
some  5  or  6  mm.  and  tipped  forward  about  15°,  so  that  when  the  gaze 
is  directed  down,  as  it  is  in  reading,  the  line  of  sight  may  strike  the 
glass  at  right  angles  and  pass  directly  through  its  centre.  Moreover, 
the  centre  of  each  glass  should  be  carried  3  mm.  in  toward  the  nose; 
otherwise  the  eyes  when  converged,  as  they  are  in  reading,  will  look 
through  the  inner  edges  and  not  the  centres  of  the  glasses. 

These  are  points  that  the  optician  who  makes  the  glasses  usually 
attends  to  carefully.  Yet  it  is  always  well  for  us  to  verify  this  ad- 
justment personally,  and  satisfy  ourselves  that  the  glass  is  just  of 
the  strength  we  ordered,  that  it  fits  properly,  and  that  it  is  steady. 
Otherwise,  we  may,  at  times,  be  blamed  for  troubles  produced  by  the 
glasses,  but  which  are  due  to  faulty  fitting,  and  not  to  any  error  in 
our  prescription. 

Sometimes  our  patients  cannot  go  in  person  to  the  opticians  to 
be  fitted.  Then  we  have  to  send  along  with  the  prescription, 
measurements  and  directions  showing  how  the  glasses  are  to  be 
made  up. 

For  spectacles  these  measurements  and  directions  are  as  follows : 
Size  of  glass. 

Distance  between  centres  of  pupils  (interpupillary  or  pupillary 
distance) . 

Style  of  bridge  (whether  C  bridge,  saddle-bridge,  or  snake-bridge) . 
Height  of  bridge— i.  e.,  height  of  top  of  bridge  above  the  line 

connecting  the  centres  of  the  pupils. 
Width  of  bridge  at  base. 

Distance  of  top  of  bridge  in  front  of  or  behind  the  frame  (in 

case  the  glasses  are  to  be  set  m  or  out  from  the  eyes). 
Style  of  temples  (whether  straight  or  hooks). 
Length  of  temples. 

Material  of  frame  and  style  (whether  rimless  or  not). 
In  the  case  of  eyeglasses  there  should  be  indicated : 
Size  of  glass. 
Interpupillary  distance. 

Style  of  frame.    (This  in  general  has  to  be  done  by  reference  to 

a  catalogue  or  to  certain  standard  forms.) 
Width  of  nose-clip  at  top  and  bottom. 

Distance  by  which  glasses  are  to  be  set  in  or  out  from  the  general 

plane  of  the  frame. 
Material  and  style  of  frame  (whether  rimless  or  not). 
Most  of  the  trial  frames  have  scales  marked  upon  them,  by  the 
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uid  of  which  we  are  enabled  to  make  the  more  important  of  the 
above-mentioned  measurements. 

Analysis  of  Glasses.    In  office  worlc  we  are  often  called  upon  to 
examme  the  glasses  a  patient  is  wearing,  and  find  out  what  they  are 
1  his  IS  best  done  in  the  following  way : 

We  hold  the  glass  to  be  examined  six  or  seven  inches  in  front  of 
our  eyes  and  look  through  it  at  a  right-angled  cross  (e.  g.,  that  formed 
by  two  intersectmg  window  sashes)  on  the  other  side  of  the  room 
We  then  rotate  the  glass  about  its  centre,  and  watch  the  effect  pro- 
duced on  the  arms  of  the  cross. 

If,  as  we  rotate  the  glass,  the  arms  of  the  cross  appear  neither 
displaced  nor  distorted,  but  remain  quite  unbroken,  we  know  that  the 
glass  contains  neither  a  prism  nor  a  cyhnder.  If  in  this  case  we  move 
the  glass  from  side  to  side  and  up  and  down,  and  no  movement  of 
the  portion  of  the  cross  seen  through  the  glass  takes  place,  the  glass 
is  plane.    If  movement  does  take  place,  the  glass  is  spherical,  being 


A  f 

D 

B 

•I  II  III 

Distortion  produced  by  n  cylinder.  Determiuation  of  the  axis  of  a  cylinder.  A  right-angled 
cross,  A  BCD  is  scon  through  a  glass  containing  a  cylinder.  If  (I)  the  a.xis  of  the  cylinder  does 
no  coincide  with  either  A  B  or  CD.  the  cross  will  appear  twisted,  so  that  the  arms  no  longer  make 
a  right  angle.  The  cross,  however,  is  not  displaced  as  a  whole  either  to  one  side  or  the  other  If 
now  the  glass  is  rolated  until  the  axis  of  the  cylinder  coincides  with  one  arm  of  the  cross-e  q'ab 
(Il)-tho  cross  will  appear  right-angled  and  unbroken.  The  same  thing  will  happen  if  the'elnss  is 
rotated  90°  more  (III),  so  that  the  axis  of  the  cylinder  coincides  with  CD.  s  » 

concave  if  the  cross  moves  in  the  same  direction  as  that  in  which 
we  move  the  glass,  and  convex  if  the  cross  moves  the  opposite  way. 
In  either  case,  we  neutralize  with  glasses  of  opposite  sign,  putting 
convex  glasses  over  concave,  and  vice  versa,  until  all  movement  of 
the  cross  is  abolished.  The  strength  of  the  glass  that  precisely  neu- 
tralizes the  movement  will  equal  the  strength  of  the  glass  examined. 

If  the  glass  contains  a  cylinder,  the  two  arms  of  the  cross  will  bend 
toward  each  other  as  we  rotate  the  glass,  so  as  to  form  an  oblique, 
instead  of  a  right  angle.  The  cross  will,  therefore,  be  distorted,  but 
will  not  be  laterally  displaced. 

If  we  keep  on  rotating  the  glass,  we  shall  find  the  distortion  first 
increasing,  then  diminishing,  until  finally  a  position  is  reached  where 
there  is  no  distortion— r.  e.,  where  both  horizontal  and  vertical  arms 
are  unbroken.  The  same  will  be  the  case  if  we  rotate  the  glass  90°, 
so  that  the  vertical  arm  occupies  that  meridian  of  the  glass  which 
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the  horizontal  arm  occupied  before.  In  either  position  of  the  glass 
the  axis  of  the  cylinder  will  lie  precisely  in  the  line  where  either  the 
vertical  or  the  horizontal  arm  of  the  cross  traverses  the  glass. 

Now,  holding  the  glass  in  either  one  of  these  two  positions,  we 
move  it  up  and  down,  and,  as  we  move  it  up,  note  whether  the  hori- 
zontal arm  of  the  cross  also  moves  up  or  moves  down.  In  either  case 
we  neutralize  the  apparent  movement  of  the  cross  with  the  appropriate 
spherical  glass  ( +  if  the  cross  moves  up,  and  —  if  the  cross  moves 
down) .  (Fig.  63.)  AVe  have  thus  made  one  meridian  of  our  glass  plane 
— i.  e.,  have  converted  the  glass  into  a  simple  cylinder.  Leaving  the 
neutralizing  sphere  on,  and  still  holding  the  glass  in  the  same  posi- 
tion, we  now  move  the  glass  from  side  to  side,  and,  as  we  move  it 
to  the  right,  note  whether  the  vertical  line  of  the  cross  moves  also 
to  the  right  or  moves  to  the  left.  In  the  former  case  we  neutralize 
with  convex,  in  the  latter  with  concave  cylinders,  the  cylinders  being 
added  to  the  sphere  we  have  already  put  on,  and  having  their  axes 
in  the  meridian  we  have  already  neutralized — i.  e.,  in  line  with  the 
vertical  arm  of  the  cross.  The  sphere  and  the  cylinder  together  will 
neutralize  the  glass  in  all  meridians,  and  will  indicate  the  strength 
of  its  spherical  and  the  strength  and  axis  of  its  cylindrical  component. 

Thus,  suppose  that  the  cross  looks  unbroken  when  we  have  rotated 
the  glass  until  the  vertical  arm  of  the  cross  coincides  with  the 
meridian  of  45°  on  the  glass.  The  axis  of  the  correcting  cylinder  must 
he  either  at  45°  or  135°.  Now,  moving  the  glass  up  and  down — i.  e., 
strictly  in  line  with  the  vertical  arm  of  the  cross — we  see  that  the 
horizontal  arm  moves  in  the  opposite  direction,  going  down  as  we 
carry  the  glass  up.  A  — 1.00  D.  spherical  placed  over  the  glass  neu- 
tralizes this  movement.  Leaving  this  — 1.00  D.  on,  we  now  move 
the  glass  from  side  to  side,  still  keeping  it  with  its  corrected  45° 
meridian  vertical.  The  vertical  arm  of  the  cross  moves  in  the  same 
direction  that  we  move  the  glass.  We  now  put  on  -|-  cylinders  with 
the  axis  at  45° — i.  e.,  in  line  with  the  vertical  arm  of  the  cross — until 
this  movement  of  the  dross  is  neutralized.  Suppose  it  took  a  +1.75 
D.  cylinder  to  do  this.  '  The  neutralizing  glass  is  then  — 1.00  sph.  C 
+  1.75  cyl.  45°,  and  the  glass  examined  is,  therefore,  a  +1.00  sph. 
C  —1.75  cyl.  45°. 

We  might  in  the  case  cited  have  rotated  the  glass  so  that  the 
meridian  of  135°  coincided  with  the  vertical  line  of  the  cross  (in 
which  case  the  cross  would  have  again  appeared  unbroken),  and  then 
have  neutralized  this  meridian  first.  Then  this  correction  would 
have  worked  out  to  —0.75  sph.  C  +1.75  cyl.  135°,  equivalent  to  the 
one  given  above. 

If  the  glass  is  a  simple  cyhnder,  instead  of  a  sphero-cylinder,  pre- 
cisely the  same  procedure  is  adopted,  only  in  this  case  we  shall  find 
that  the  movement  along  meridian  is  already  nil,  so  that  we  have 
to  apply  no  correcting  glass  to  this  meridian,  and  all  that  we  have 
to  do  is  to  add  neutrahzing  cylinders  with  their  axes  in  this  meridian. 
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It  the  glass  contains  a  prism,  one  or  both  arms  of  the  cross  will 
be  (lisplaced,  the  horizontal  arm  being  thrown  up  or  down,  and  the 
vertical  arm  being  carried  to  one  side.  As  we  rotate  the  glass  the 
displacement  of  one  arm  will  increase  and  that  of  the  other  diminish 
But  however  we  rotate  the  glass,  tlie  arms  seen  through  it  will  always 
remain  parallel  to  their  original  direction— the  vertical  arm  remain- 
mg  vertical,  the  horizontal  arm  horizontal.  Hence  the  cross  although 
appearing  broken,  is  not  distorted.  That  is,  a  prism  shifls  but  a 
cylinder  twists.    (Fig.  64.)  ' 

We  keep  on  rotatuig  the  glass  until  the  horizontal  arm  is  no  longer 
displaced— i.  e.,  until  the  portions  seen  outside  and  inside  of  the 
glass  form  an  unbroken  line.  The  apex  of  the  prism  contained  in 
the  glass  will  then  lie  in  the  direction  in  which  the  vertical  line  is 
displaced;  and  the  point  which  this  apex  occupies  on  the  circum- 


ference of  the  glass  will  be  indicated  by  the  point  where  the  horizontal 
arm  of  the  cross  cuts  that  circumference.  Thus  if  the  apex  of  the 
prism  was  at  45°,  both  arms  of  the  cross  would  appear  broken  when 
the  glass  was  held  in  its  ordinary  position.  When  we  rotated  the 
glass  so  that  its  45°  meridian  was  horizontal,  coinciding  thus  with 
the  horizontal  arm  of  the  cross,  that  arm  would  appear  unbroken 
but  the  vertical  arm  would  be  displaced  outward  toward  the  45° 
point  on  the  glass's  circumference. 

The  strength  of  the  prism  may  be  measured  either  by  measuring 
the  actual  maximum  displacement  of  one  of  the  cross-arms  on  a 
prism-scale,  such  as  Ziegler's  (the  apex  of  the  prism  being  placed  in 
line  with  the  scale),  or  more  readily  by  neutralizing  the  displace- 
ment with  prisms  placed  over  the  glass  with  the  apex  directed  the 
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other  way.  The  strength  of  the  neutralizing  prism  equals  that  of  the 
prism  in  the  glass. 

Usually  the  strength  of  the  prism  that  a  glass  contains  can  be 
determined  only  after  neutralizing  any  sphero-cylinder  that  it  may 
also  contain. 

In  thus  neutralizing  glasses  to  determine  the  sphere,  cylinder,  or 
prism  they  may  contain,  it  is  essential  that  we  look  precisely  through 
the  centre  of  the  glass  examined,  and  also  that  we  should  hold  the 
neutralizing  glass  in  close  contact  with  it. 

HYGIENIC  TREATMENT  OF  REFRACTIVE  ERRORS. 

In  myopia,  particularly  when  progressive,  and  especially,  therefore, 
in  children,  we  should  be  careful  to  give  precise  rules  as  to  the  amount 


Jb'iu.  65. 


The  Chandler  adjustable  seat  and  desk. 

and  kind  of  work  that  the  patient  can  do,  and  insist  upon  proper 
lighting,  proper  hours  of  study,  and  plenty  of  sleep,  with  a  good 
amount  of  out-of-door  exercise.  Use  of  the  eyes  by  artificial  Ught 
should  be  restricted,  or,  in  the  more  aggravated  cases,  entirely  for- 
bidden.  It  is  also  a  good  plan  to  have  the  patient  suspend  his  reading 
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or  other  work  evcMy  fifteen  minutes  or  so,  for  a  few  moments,  and 
during  this  interval  of  rest  eitlier  sit  erect  or  actually  stand  up'  and 
look  off  into  the  far  distance. 

The  patient's  attitude  in  reacling  or  wi-iting  shf)uld  be  carefully 
looked  after.    He  should  not  be  allowed  to  bend  over  at  Ms  work, 


nor,  on  the  other  hand,  should  the  desk  be  so  high  as  to  bring  his 
work  unduly  close  to  the  eyes. 

Figs.  65,  66,  and  67  illustrate  a  form  of  adjustable  desk  well  adapted 
for  school  purposes. 

Those  affected  with  progressive  myopia  should  be  discouraged  from 
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undertaking  any  very  fine  work,  such  as  book-keeping  or  sewing, 
requiring  close  and  continued  application.  It  is  particularly  impor- 
tant to  have  this  point  in  mind  when  selecting  a  boy's  future  life-work. 
In  very  high  myopia,  particularly  when  there  are  symptoms  of 
retinal  irritation,  total  abstention  from  near  work  is  often  required. 

In  the  transient  myopia  produced  by  spasm  of  accommodation, 
complete  abstention  from  near  work  may  be  required,  combined 
often  with  the  instillation  of  atropine  three  times  a  day  for  several 
weeks. 


Fis.  67. 


Adjustment  of  seat. 


In  all  conditions  of  refraction  the  illumination  should  be  attended 
to  carefully.  The  ideal  illumination  is  that  afforded  by  diffuse  day- 
light. When  artificial  light  is  used,  this  also  should  be  as  diffuse  as 
possible.  Hence,  it  is  a  mistake  to  have  a  brilliant  fight,  particularly 
a  shaded  light,  over  the  desk,  and  have  the  rest  of  the  room  in  com- 
parative darkness.  There  should  be  at  least  one  other  light  in  the 
room,  and  more,  if  necessary,  so  that  the  illumination  may  be  pretty 
evenly  distributed  all  over  it.  The  brilliancy  of  an  electric  or  a 
Welsbach  light  often  needs  tempering,  and  this  is  best  done  by  a 
very  light  amber  or  yellowish  shade. 

Patients  complaining  of  photophobia  should  not  be  permitted  to 
wear  smoked  or  colored  glasses  unless  there  is  actual  disease  of  the 
fundus,  or  unless  the  photophobia  is  due  to  some  quite  temporary 
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cause,  as  dilatation  of  the  pupil  from  instillation  of  atropine.  Other- 
wise, the  abnormal  sensitiveness  to  hght  will  be  aggravated  by  the 
use  oi  the  glasses,  and  the  patient  become  more  and  more  incapable 
of  using  the  eyes. 

In  hyperopia  and  astigmatism  we  sometimes,  on  account  of  the 
asthenopia  and  other  symptoms,  have  to  diminish  the  amount  by 
which  the  eyes  are  used,  and  increase  the  amount  of  open-air  exercise. 
But,  in  general,  hyperopia  and  astigmatism  furnish  no  absolute  bar 
to  eyework,  and  it  is  usually  a  distinct  mistake  to  yield  too  much  to 
the  patient's  complaints.  We  should  not,  in  the  absence  of  organic 
disease  of  the  fundus,  encourage  the  patient  to  disuse  his  eyes  simply 
because  the  use  of  them  is  painful.  By  so  doing  we  may  initiate  a 
vicious  circle,  and  progressively  increase  the  patient's  disability, 
instead  of  removing  it.  On  the  contrary,  moderate,  systematic,  and 
mcreasmg  use  of  the  eyes  for  near  work  is  the  rule  in  such  cases. 
The  ophthalmologist  himself  should  give  careful  and  precise  direc- 
tions as  to  the  amount  and  kind  of  eye-work  to  be  done,  and  deter- 
mine by  experiment  how  rapidly  the  work  may  be  increased. 
_  Finally,  it  should  always  be  borne  in  mind  that  in  treating  refrac- 
tive errors  we  must  constantly  have  regard  to  the  general  condition 
of  the  patient  nnd  to  the  state  of  the  organs  other  than  the  e5^es.  In 
many  cases  in  which  the  symptoms  seem  to  be  due  entirely  to  the 
eyes,  treatment  directed  to  the  general  condition,  to  the  nose  and 
throat,  or  to  the  pelvic  organs,  will  often  relieve  an  asthenopia  which 
glasses  have  failed  to  relieve,  and  in  not  a  few  instances  will  render 
it  unnecessary  to  use  glasses  at  all. 


PLATE  III. 


CHAPTER  IV. 


THE  MOTIONS  OF  THE  EYEBALL  AND  THEIR 
DERANGEMENTS. 

By  CASEY  A.  WOOD,  M.D. 

Anatomy  and  Physiology.  The  ocular  muscles  are  divided  usually 
into  internal  or  intrinsic,  and  external  or  extrinsic.  Although  it  is 
necessary,  for  convenience  of  reference,  to  speak  of  the  individual 
extrinsic  muscles,  both  the  single  and  associated  excursions  of  the 
eyes  may  be  regarded,  in  every  case,  as  compounded  of  movements 
due  to  actions  of  all  of  them.  The  iridic  and  ciliary  muscles  com- 
prise the  first  class,  while  six  others,  the  external  rectus,  internal 
rectus,  superior  rectus,  inferior  rectus,  superior  oblique,  and  inferior 
oblique,  make  up  the  second.  These,  with  the  single  exception  of 
the  inferior  oblique,  form  a  cone,  whose  apex  points  toward  the 
foramen  opticurii,  while  its  base  envelops  the  eyeball  in  front  of  the 
equator.  According  to  Weiss,  if  the  axes  of  the  orbits  are  projected 
backward,  they  form  an  angle  of  from  20°  to  37°,  depending  upon 
race,  age,  and  the  peculiarities  of  the  individual.  These  considera- 
tions also  govern  the  conformation  of  the  muscular  cone,  affect  the 
degree  of  its  divergence,  and  may  even  determine  the  shape  of  the 
eyeball.    (Plate  III.) 

The  globe  itself  has  a  centre  of  rotation  around  a  point  in  its  antero- 
posterior axis.  In  the  emmetropic  eye  this  is  about  14  mm.  behind 
the  cornea  and  10  mm.  in  front  of  the  posterior  surface  of  the  sclera. 
The  primary  position  of  the  eye  is  that  in  which,  when  the  head  is  held 
erect,  the  gaze  is  directed  straight  forward  in  the  horizontal  plane. 
The  vertical  meridians  of  both  eyes  are  then  exactly  vertical  and 
parallel.  It  is  from  this  starting  point  that  the  movements  of  the 
eyeball  are  considered. 

The  innervation  of  the  extrinsic  muscles  of  the  eye  is  easily  remem- 
bered. All  of  these,  as  well  as  the  levator  palpebra  superioris,  the 
ciliary  muscle,  and  at  least  one  of  the  iris  muscles,  are  supplied  by 
the  third  nerve,  except  the  external  rectus,  which  is  supplied  by  the 
sixth  nerve,  and  the  superior  oblique,  which  is  supplied  by  the  fourth. 

While  we  recollect  that  every  excursion  of  the  globe  is  attended 
by  more  or  less  contraction  or  lengthening  of  most  of  the  extrinsic 
muscles,  and  sometimes  by  actifcn  of  the  internal  muscles,  we  have 
to  speak  of  the  probable  action  of  the  individual  extrinsic  muscles. 
The  observations  of  Swanzy  appear  to  give  the  most  satisfactory 
explanation  of  the  various  arid  complicated  movements  of  the  eyeball, 
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both  separate  and  associate,  and  consequently  they  are  adopted  for 
the  purposes  of  this  chapter.  Bonders  proved  experimentally  that 
it  is  only  in  the  primary  position  and  when  the  eyes  are  turned 
directly  outward  or  inward,  downward  or  upward,  that  the  vertical 
meridian  maintains  its  vertical  direction.  When  the  eyes  are  turned 
in  other  directions,  there  is  always  a  sort  of  wheel-motion  given  to 
the  globe,  and  the  vertical  meridian  of  each  normally  balanced  eye  is 
inclined  at  about  the  same  angle.  These  various  positions  of  the 
vertical  meridian  can  be  understood  best  by  a  reference  to  the  actions 
of  the  various  muscles  in  the  associated  movements  of  the  eye  and 
by  a  reference  to  the  figures.    The  author  just  quoted  points  out: 


Fig.  68. 


Showing  attachment  of  the  orbital  muscles.  lu.  External  rectus.  Rs.  Superior  rectus.  Lp.  Leva- 
tor palpebral.  Os.  Tr.  Superior  oblique  with  its  pulley.  Rm.  Internal  rectus.  Oi.  Inferior  oblique. 
Pi.  Inferior  rectus. 

1.  In  the  primary  position  all  the  muscles  are  practically  at  rest. 

2.  Motion  of  the  eyeball  directly  outward  is  effected  by  the  external 
rectus  alone,  and  motion  directly  inward  by  the  internal  rectus  alone. 
■  3.  Motion  of  the  eyeball  directly  upward  and  directly  downward  is 
effected  mainly  by  aid  of  the  superior  and  inferior  recti.  At  the  same 
time  these  muscles,  acting  alone,  also  rotate  the  eyeball  directly  inward 
and  give  a  certain  inward  inclination  to  the  vertical  meridian,  which, 
in  this  position,  should  be  upright.  Consequently,  in  rotation  of  the 
globe  directly  upward  the  inferior  oblique,  which  rotates  the  eye 
slightly  outward  as  well  as  upward  and  inclines  the  vertical  meridian 
outward,  must  be  associated  with  the  superior  rectus  in  order  to 
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counteract,  in  these  particulars,  the  tendency  of  its  action.  In  rota- 
tion of  the  eyeball  directly  downward,  the  inferior  rectus  must  be  asso- 
ciated with  the  superior  oblique,  which  acts  antagonistically  to  this 
straight  muscle,  in  respect  to  rotation  inward  and  to  outward  wheel- 
motion. 

4.  Rotation  upward  and  outward  is  effected  chiefly  by  aid  of  the 
superior  rectus  and  external  rectus ;  but  the  latter  muscle  has  no  influ- 
ence over  wheel-motion,  while  the  former  produces  wheel-motion 
inward ;  yet  the  inclination  of  the  vertical  meridian  is  outward  in  this 
position,  and  therefore  a  third  muscle,  which  will  supply  this  inclina- 
tion in  a  high  degree,  is  required,  namely,  the  inferior  oblique,  whose 
power  over  the  wheel-motion  of  the  eyeball  is  greatest  when  the 
latter  is  turned  upward  and  outward. 

5.  Rotation  downward  and  outward  is  effected  chiefly  by  the  rectus 
inferior  and  the  rectus  externus.  Inasmuch,  however,  as  the  former 
inclines  the  vertical  meridian  outward,  while  the  latter  has  no  influence 
over  it  at  all,  a  third  force  is  required  which  will  bring  about  the  neces- 
sary inward  wheel-motion,  namely,  the  superior  oblique,  whose  influ- 
ence in  this  respect  is  most  powerful  when  the  eye  is  turned  down- 
ward and  outward. 

6.  Rotation  upward  and  inward  is  brought  about  chiefly  by  the 
rectus  superior  and  the  rectus  internus;  but  the  effect  of  the  former 
upon  the  inward  wheel-motion  of  the  eye  would  be  so  great  as  to  inter- 
fere with  parallelism  of  the  vertical  meridians  of  the  two  eyes,  that  of 
the  other  eye  not  being  inclined  outward  in  a  corresponding  degree.  A 
third  force,  therefore,  is  required  which  will,  to  a  certain  extent,  coun- 
teract the  influence  of  the  superior  rectus  in  this  respect,  and  this  is 
found  in  the  inferior  obhque,  which,  in  this  position  of  the  eyeball,  has 
but  slight  power  over  its  wheel-motion. 

7.  Rotation  downward  and  inward  is  chiefly  the  result  of  contraction 
of  the  inferior  rectus  and  the  internal  rectus.  The  power  of  the  former 
over  the  outward  inclination  of  the  vertical  meridian  would,  in  a 
similar  way,  be  too  great,  and  must  be  similarly  corrected  by  the 
action  of  the  superior  oblique. 

The  position  of  rest  is  probably  divergence  and,  in  all  probability, 
even  a  slight  degree  of  convergence,  as  well  as  parallelism  of  the  ocular 
axes,  is  maintained  by  more  or  less  effort. 

The  internal  rectus  arises  from  the  tendon  common  to  it  and  the 
inferior  rectus,  at  the  inner  aspect  of  the  optic  foramen,  and  runs 
forward  close  to  the  inner  wall  of  the  orbit,  to  be  inserted  into  the 
sclera  by  a  tendinous  expansion  9  mm.  long  and  10^  mm.  wide,  6^  mm, 
from  the  sclerocorneal  junction. 

The  external  rectus  arises  from  the  greater  wing  of  tlie  sphenoid  by 
two  heads  that  become  united  and  form  the  body  of  the  muscle,  which 
runs  forward  close  to  the  external  wall  of  the  orbit.  It  is  attached  to 
the  sclera  by  a  tendon,  3.8  mm.  long  and  9.5  mm.  wide,  about  7  mm. 
from  the  limbus  cornese. 
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The  inferior  rectus  arises  from  the  tendon  common  to  it  and  the 
internal  rectus,  and  runs  forward  on  the  floor  of  the  orbit,  and  is 
attached  to  the  globe  by  an  aponeurosis  6  mm.  long,  9  mm.  wide 
and  about  7^  mm.  from  the  sclerocorneal  jtmction. 

The  superior  rectus  arises  from  the  upper  edge  of  the  optic  foramen 
from  the  common  tendon.  It  passes  forward  just  beneath  the  levator 
palpebral  superioris  and  is  inserted  into  the  sclerotic  8  mm.  from  the 
sclerocorneal  junction.    Its  tendon  is  6  mm.  long  and  10^  mm.  wide. 

The  superior  oblictue  arises  from  the  lesser  wing  of  the  sphenoid  * 
passes  forward  along  the  inner  wall  of  the  orbit,  where  it  becomes 
tendinous  and  forms  a  pulley-like  adjustment  which  plays  within  a 
fibrous  ring  situated  in  the  trochlear  fossa.    The  direction  of  the 


Fig.  69. 


Horizontal  section  of  the  eye  in  the  orbit,  showing  the  relative  attachment  of  external  and 

internal  recti. 

muscle  now  changes,  and  it  proceeds  backward,  downward,  and  out- 
ward at  an  angle  of  55°,  passes  beneath  the  superior  rectus,  and  is 
inserted  into  the  sclerotic  between  the  cornea  and  the  optic  nerve 
about  17  mm.  from  the  corneal  limbus.  The  width  of  the  aponeurotic 
insertion  of  this  curious  muscle  into  the  globe  varies  from  7  mm.  to 
15  mm.  It  is  one  of  the  principal  factors  in  globar  rotation,  turning 
the  upper  part  of  the  vertical  meridian  inward. 

The  inferior  ohlique  arises  from  the  anterior  third  of  the  floor  of 
the  orbit,  in  a  pit  situated  in  the  superior  maxillary  bone.  It  then 
proceeds  outward,  backward,  and  upward,  beneath  the  inferior  rectus 
muscle,  to  be  inserted  into  the  sclerotic  between  the  inferior  and 
external  recti  on  the  posterior  half  of  the  globe,  17^  mm.  from  the 
sclerocorneal  junction. 
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Tenon's  Capsule.  That  we  may  the  better  understand  the  attach- 
ments of  the  various  extrinsic  muscles,  it  is  necessary  to  say  some- 
thing about  the  closed  sac  known  as  Tenon's  capsule.    This  mem- 
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Fig.  72. 


brane  envelops  the  greater  portion  of  the  eyeball,  and  is  united 
behind,  as  well  as  in  front,  to  form  a  closed  cavity.  It  is  attached 
close  to  the  optic  foramen,  and,  passing  forward,  becomes  loosely 
adherent  to  the  sclerotic.  Anteriorly  it  is  attached  to  the  conjunc- 
tiva by  comiective  tissue,  and  extends  to  within  3  mm.  of  the  corneal 
junction.  Its  cavity  forms  a  large  lymph  space  lined  by  endothelium. 
The  tendons  of  all  the  extrinsic  muscles,  the  obliques  behind  and 
the  straight  muscles  in  front,  pierce  the  capsule  without  interfering 
with  its  function  as  a  closed  lymph  space.  The  ciliary  nerves  like- 
wise pass  through  Tenon's  capsule,  which,  let  it  be  noted,  also  com- 
municates through  the  sclera  with  the  suprachoroidal  and  perineural 
lymph  spaces.  In  this  way  it  comaects  the  intercorneal  lymph 
spaces  with  the  exterior  of  the  eye.    When  a  muscular  tendon  or 

nerve  trunk  passes  through  this  mem- 
brane a  portion  of  the  latter  extends 
along  its  external  surface,  thus  strength- 
ening their  connections  with  the  sclera. 
■B  "We  may  then  regard  the  combined 
tendons  of  the  straight  muscles,  in  con- 
junction with  Tenon's  capsule,  as  form- 
ing a  complete  envelope  about  the  eye- 
ball, and  this  fact  must  be  reckoned  with 
in  operating  on  the  former.  An  incision 
sometimes  fails  to  reach  the  muscular 
tendon,  because  both  layers  of  the  cap- 
sule have  not  been  divided,  and  because, 
also,  it  is  not  borne  in  mind  that  pro- 
longation from  the  capsule  itself  and 
what  are  known  as  the  "  check  ligaments  "  may  interfere  materially 
with  the  results  desired.  (Fig.  72.)  This  is  especially  the  case  when 
these  ligaments  are  abnormally  developed.  It  is  not  an  uncommon 
experience  to  find,  even  after  the  most  complete  division  of  the 
tendon,  that  relative  positions  of  the  globes  are  unaffected  because 
of  these  connections  between  the  muscular  tendons,  the  capsule  of 
Tenon,  and  the  check  ligaments. 

As  a  rule,  however,  the  action  of  the  check  ligaments  is  a  normal 
one;  they  probably  prevent  or  retard  overaction  of  the  adductors 
and  abductors,  as  shown  in  Figs.  73  and  74. 

The'  blood  supply  of  the  muscles  is  derived  from  the  ophthalmic 
artery,  through  the  minute  muscular  branches,  shortly  after  it  enters 
the  orbit  through  the  optic  foramen.  These  capillaries  are  tortuous 
and  loosely  attached  to  their  surrotmdings,  so  that  the  movements 
of  the  globe  and  the  shortening  and  lengthening  of  the  muscles  them- 
selves do  not  interfere  with  their  continuity.  It  sometimes  happens 
that  cutting  of  these  small  vessels  gives  rise  to  profuse  hemorrhage, 
but  this  is  rarely,  or  never,  a  serious  matter.  The  arteries  are  accom- 
panied by  veins  of  the  same  name. 


A.  Internal  check  ligament.  B.  Ex- 
ternal check  ligament.  (Hansell  and 
KisnER.) 
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Nerve  Supply.  It  is  desirable  to  say  something  further  about  the 
innervations  of  the  various  muscles.  The  areas  in  the  cortex  asso- 
ciated with  the  movements  of  the  eyeball  are  not,  as  yet,  precisely 
located.  They  are  probably  in  front  of  the  large  motor  area,  close 
to  the  neuron  that  presides  over  the  facial  muscles,  and  undoubtedly 
have  a  near  association  with  Broca's  speech  centre.  The  basal  nuclei 
are  regarded  generally  as  lying  well  within  the  gray  matter  in  the 
aqueduct  of  Sylvius  and  on  the  floor  of  the  fourth  ventricle,  most 
of  them  just  beneath  the  corpora  quadrigemina.  According  to  the 
arrangement  of  Stuelp,  the  subcortical  nuclei  of  the  internal  eye 
muscles  are  situated  in  the  anterior  portion  of  the  third  nerve  nucleus. 
These  fibres  supply  the  ciliary  muscle  and  the  sphincter  iridis.  Imme- 
diately behind  them  are  the  nuclei  of  all  the  external  muscles  supphed 
by  the  third  nerve.  Still  further  back  are  the  nerve  cells  which  con- 
stitute the  nucleus  of  the  fourth  nerve  that  supplies  the  superior 


Fig.  73. 


Fig.  74. 
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E.  a  L. 


I.  C.  L. 


E.  a  L. 


Fig.  7.3. —The  check  ligaments  during  partial  contraction  of  the  external  rectus  muscle,  the  in- 
ternal check  ligament  (/.  C.  L.)  being  in  a  state  of  maximum  relaxation,  and  the  external  (E.  C.  L.) 
somewhat  stretched.  (Motais.) 

Fig.  74.— Diagram  intended  to  show  how,  during  full  contraction  of  the  external  rectus,  the 
external  check  ligament  {E.  C.  L.)  is  stretched  to  its  maximum  length,  and  the  internal  {L  C.  L  ) 
is  slightly  stretched  also.  (Motais.) 

oblique ;  and,  finally,  still  behind  these  are  the  nucleoli  of  the  sixth 
nerve  that  governs  the  external  rectus.  All  of  these  nerve  centres 
are  connected  with  one  another  by  nerve  fibres  that  run  from  one 
nucleus  to  the  other.  It  should  not  be  forgotten  that  minute  ner- 
vous connections  probably  exist  between  the  motor  neurons  govern- 
ing the  various  eye  muscles,  and  all  the  other  nerve  centres. 

That  the  individual  may  fix  both  eyes  with  ease  upon  objects  dis- 
tant and  near,  and  oUain  binocular  vision  in  all  parts  of  the  field  of 
vision,  it  is  necessary  that  a  certain  balance  exist  between  the  forces 
that  rotate  the  eyes  in  various  directions.  Moreover,  both  eyeballs 
must  be  steadied  in  their  fixation.  We  must  believe  consequently 
that  all  the  external  muscles  are,  during  the  waking  hours,  in  a  state 
of  unconscious  tonic  contraction,  and  that  every  act  of  sight  is  accom- 
panied by  more  or  less  expenditure  of  nerve  force. 

Convergence.  A  state  of  divergence  of  the  visual  axes  being  the 
probable  condition  of  rest,  parallelism  and  convergence  require  more 
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or  less  nervous  effort.    The  axes  may,  however,  be  made  to  cross 
until  they  form  a  very  wide  angle,  estimated  to  vary  in  individuals 
trom  45   to  65°.    When  the  eyes  converge  there  is  not  only  con- 
traction of  the  internal  rectus,  but  of  the  superior  and  inferior  recti 
and  of  the  iridic  and  ciliary  muscles.    It  is  very  likely  also  that 
other  muscles  of  the  eye,  as  before  noticed,  take  part  in  this  act  of 
convergence  by  a  sort  of  modified  contraction,  so  as  to  steady  the  eye 
One  method  of  measuring  convergence  is  by  means  of  a  prism,  apex 
in,  placed  before  either  eye— prism  convergence.    (See  page  159  ) 
Divergence.    It  is  very  likely  that  in  a  state  of  absolute  rest  the 
visual  axes  diverge  8°  to  10°  from  parallelism,  and  tlois  may  be  demon- 
strated by  making  use  of  prisms,  apex  out.    Indeed,  it  may  with  truth 
be  affirmed  that  convergence  should  be  regarded  as  beginnhig  at  this 
point.    Hence,  we  have  the  term  negative  convergence,  because  from 
a  state  of  divergent  rest  we  proceed  to  parallelism  and  then  to 
convergence.    The  nearest  point  at  which  a  very  small  object  can 
be  seen  singly,  with  both  eyes,  constitutes  the  fusion  near  yoint 
The  divergent  power  in  any  individual  may  be  measured  by  finding 
the  highest  prism,  apex  out,  that  can  be  held  before  either  eye 
without_  producing  double  images  of  a  candle  flame  6  m.  distant- 
prism  divergence. 

Deorsumvergence.    When   the  eyes  are  turned  downward  it  is 
mainly,  jis  we  know,  through  the  contraction  of  the  superior  oblique 
and  the  inferior  rectus,  and  this  act  is  termed  deorsumvergence. 
Sursumvergence  refers  to  the  act  of  turning  the  e3'es  upward. 
Associated  Movements.    So  far,  reference  has  only  been  made  to 
the  fact  that  it  is  necessary  for  binocular  vision  that  both  eyes  be 
rotated  in  precisely  the  same  direction.    With  properly  balanced 
muscles,  every  movement  of  one  eye  is  associated  with  an  instant 
and  equal  rotation  of  the  other  eye.    Thus,  it  is  impossible  to  turn 
one  eye  up  and  the  other  down,  or  both  eyes  outward,  as  that  would 
produce  an  annoying  double  vision  and  interfere  with  binocular  sight. 
On  the  other  hand,  owing  mainly  to  an  arrangement  of  the  nerve 
fibres  in  the  central  neurons  presiding  over  the  various  eye  muscles, 
the  associated  movements  of  the  eyes  are  so  arranged  as  mstantly  to 
fix  corresponding  retinal  points  upon  images  perceived  by  the  brain. 

Accommodation-convergence.  With  every  effort  of  convergence  there 
goes  a  certain  amount  of  accommodation.  Although  within  reason- 
able limits  accommodation  and  convergence  are  constant,  one  may 
be  increased  or  diminished  a  little  with  reference  to  the  other  with- 
out disturbing  symptoms.  For  example,  before  the  normal  eye 
of  an  individual  a  concave  glass  may  be  placed,  and  yet,  with  a 
slight  effort,  an  object  at,  say,  three  feet  distance  will  be  readily  and 
distinctly  seen.  In  the  same  way  a  convex  glass  still  enables  a 
person  before  whose  eye  it  is  placed  to  see,  with  both  eyes  together, 
the  same  object  distinctly  and  at  the  same  distance.  For  the  more 
definite  measurement  of  convergence  efforts  the  term  metre  angle  is 
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used.  This  is  the  angle  which  the  visual  line  makes  with  the  median 
line  of  the  face,  the  latter  being  drawn  at  right  angles  to  the  base 
line  (interocular  base  line)  joining  the  centres  of  rotation.  The 
angle  formed  by  the  median  line  and  the  visual  line  at  a  point  1  m. 
distant  from  the  base  Ime  is  termed  1  metre  angle.  An  object 
seen  ^  metre  distant  from  the  eye  would  require  twice  as  much  con- 
vergence as  that  seen  at  1  m. ;  convergence,  therefore,  at  this  point, 
would  be  2  metre  angles;  at  \  m.  distance  it  would  be  3  metre  angles, 
at  \  m.,  or  25  cm.,  it  would  be  4  metre  angles,  etc.  On  the  other 
hand,  an  object  seen  at  2  m.  distance  would  require  only  one-half 
the  amount  of  convergence  to  fix  it  at  1  m.;  convergence  here, 
then,  equals  ^  metre  angle — in  other  words,  C.  =  ^  m.  a.  Where 
both  eyes  are  normal  and  emmetropic,  as  many  metre  angles  of  con- 
vergence are  required  as  there  are  dioptres  of  accommodation. 

The  angle  gamma  is  that  formed  at  the  centre  of  rotation  by  the 
optic  axis  and  the  line  of  fixation.  It  should  not  be  confused,  as  it 
sometimes  is,  with  the  angle  alpha  formed  at  the  nodal  point  by 


Fig.  75. 


Dotted  line  indicates  direction  which  the  projected  beam  takes.   (Hansell  and  Eebkr.) 

the  visual  axis  and  the  major  axis  of  the  corneal  ellipse.  In  meas- 
Tiring  the  angle  gamma,  it  is  well  to  make  use  of  the  perimeter.  The 
patient  is  placed  in  the  primary  position,  with  his  chin  on  the  chin- 
rest  and  gazing  at  the  fixation  point.  A  small'  candle  is  moved  along 
the  perimeter  arm  until  it  is  reflected  from  the  exact  centre  of  the 
cornea  into  the  eye  of  the  observer  gazing  at  it  immediately  behind 
the  flame.  This  point  is  read  off  in  degrees  upon  the  perimeter  arc. 
The  angle  varies  from  4°  to  6°. 

Prisms.  One  cannot  properly  understand  the  contractile  or  rotary 
power  of  the  eye  muscles  without  having  a  proper  idea  of  the  effect 
of  prisms  upon  beams  of  light  and  upon  the  position  of  the  images 
cast  upon  the  retina.  A  prism  is  a  piece  of  glass  whose  refracting 
surfaces  are  inchned  toward  each  other  so  as  to  form  an  angle  whose 
degree  is  commonly  employed  to  designate  its  particular  prism.  This 
also  forms  its  edge  or  apex.  The  angle  subtends  the  thicker  portion 
or  base  of  the  prism.  A  ray  of  light,  instead  of  passing  through 
unchanged  in  direction,  is  bent  in  its  course  from  the  perpendicular 
toward  the  base  of  the  prism,  and  if  the  eye  be  placed  in  the  path 
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of  the  light  ray  after  it  has  passed  through  the  prism,  the  luminous 
iDody  from  which  it  emanates  will  not  be  seen  in  its  true  position,  but 
in  the  direction  of  the  visual  line  projected  beyond  the  glass.  This  is 
in  accordance  with  the  law  of  projection.  The  prism  projects  the 
ray  of  light  to  a  false  position  on  the  retina,  and  the  retinal  elements 
perceive  the  object  as  coming  from  a  straight  line,  the  continuation 
of  the  visual  axis.  When  a  prism  is  placed  m  front  of  one  eye,  and 
the  visual  image  is  thus  projected  upon  an  unusual  part  of  the  retina, 
an  effort  is  at  once  made  btj  the  nerve  centres  so  to  adjust  the  eye  that 
binocular  vision  may  result.  If  the  apex  of  the  prism  be  directed 
immediately  inward,  the  task  of  accomplishing  this  is  laid  upon  the 
muscles  that  rotate  the  eye  inward— the  adductors,  the  chief  of 
which  is  the  internal  rectus. 

We  know  from  experience  that  after  a  few  trials  the  adductors  of 
normal  eyes  can  overcome  in  this  way  the  diplopia  that  would  other- 
wise be  produced  by  prism.s  as  high  as  40°  or  50°.  Normal  adduction 
is  thus  said  to  be  about  40°  or  50°.  On  the  contrary,  when  the  apex 
of  the  prism  is  directed  immediately  outward  before  one  of  the  eyes, 
the  task  of  overcoming  the  diplopia  must  be  made  by  the  muscles 
that  rotate  the  eye  outward,  chiefly  the  external  rectus.  Abduction 
measured  by  prisms  is  in  the  normal  eye  about  one-fourth  that  of 
adduction,  namely,  10°.  In  the  same  way  we  find  that  infraduction 
and  su]-)raduction  (prisms  up  or  down  before  each  eye)  may  be 
measured  in  terms  of  the  power  required  to  overcome  the  diplopia 
that  would  otherwise  be  produced.    This  varies  from  2°  to  4°. 

Abduction,  as  found  at  the  first  office  examination,  is  fairly  constant, 
and  in  normal  eyes  will  rarely  fall  below  7°.  The  ratio  between 
adduction  and  abduction  (prism  divei-gence)  for  twenty  feet  ranges 
from  8:1  to  2J:1.  No  arbitrary  standard  can  be  fixed  as  yet, 
simply  because  the  figures  thus  far  offered  have  been  largely  a  matter 
of  personal  ecjuation. 

Field  of  Fixation.  An  examination  of  the  movements  of  the  eye- 
balls should  determine  the  rotating  powers  of  the  muscles  of  each 
eye.  When  these  extreme  points  have  been  foimd  and  connected, 
they  constitute  the  monocular  field  of  fixation.  The  writer,'  several 
years  ago,  adjusted  the  perimeter  to  mark  out  this  territory.  Instead 
of  having  an  object  attached  to  the  carrier  on  the  perimeter  arm 
in  the  usual  way,  he  used  a  simple  device  whereby  the  rotation 
of  the  globe  in  any  direction  is  rapidly  and  easily  measured.  Four 
strips  of  unglazed  parchment  paper  have  printed  on  them  words 
of  two  letters  corresponding  to  Jaeger  XL  at  50  cm.,  placed  between 
as  well  as  below  figures  representing  the  degrees  of  latitude  on  the 
perimeter  arc.  These  strips  are  together  placed  in  position  on  the 
arm  of  the  perimeter  (Fig.  76),  the  patient's  head  being  in  the 
primary  position,  and  he  is  asked  to  read  the  lower  line  as  far  away 
from  the  centre  as  possible.    This  accomplished,  he  is  requested  to 

1  Journal  of  tbe  American  Medical  Association,  1896. 
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Fig.  76. 


Scheme  for  the  measuretnent  of  Uic  indUdculur  licld  nl  lixutic/ii  by  means  of  the  perimeter. 

(Casey  Wood.) 
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give  the  figure  placed  above  the  word  just  recognized,  and  to  try- 
to  read  farther  out  additional  letters  on  the  figure  line.  Each  word 
beyond  represents  about  one  degree  on  the  scale,  and  the  number  of 
words  so  read  added  to  the  previous  figure  gives  the  limit,  in  degrees, 
of  the  field  in  that  direction.  As  each  quadrant  of  the  circle  is 
passed  over,  a  shp  of  paper  is  removed,  revealing  the  next  paper, 
whose  lettering,  being  different,  suggests  nothing  to  the  person 
under  examination.  After  many  perimetric  examinations  with  this 
device,  the  limits  of  the  monocular  fixation  field  were  found  to  corre- 
spond closely  with  the  figures  of  Landolt: 

Directly  out     45°)  Out  and  down  47° ) 

Directly  in      45°/  In  and  up       45°  J 

Directly  down  50°  >  Down  and  In  38°  1 

Directly  up     43°)  Up  and  out      47°]  ^ 


Fig.  77. 


Stevens'  tropometer. 


The  binocular  field  of  fixation  is  by  no  means  identical  with  the 
field  of  binocular  single  vision,  although  its  borders  are  about  the 
same.  Duane  finds  that  the  upward  limit  of  the  monocular  field  to 
be  about  45°,  downward  about  70°,  right  and  left  55°.  These  rota- 
tions vary  with  age  and  with  the  form  and  position  of  the  globe. 
Doubtless  the  best  method  of  measuring  the  rotations  of  the  eye, 
and,  consequently,  the  field  of  fixation,  is  by  means  of  Stevens' 
tropometer.  (Fig.  77.)  As  we  shall  hereafter  find,  it  is  neces- 
sary to  know,  so  far  as  it  can  be  determined,  whether  a  particular 
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muscular  imbalance  is  due  to  weakness  or  spasm  of  some  particular 
muscle  or  muscles.  For  this  purpose,  the  rotation  power  of  the  globe 
in  all  directions  as  measured  by  the  methods  just  described  will  be 
fomid  of  extreme  value. 

Another  useful  mstrument  for  the  measurement  of  convergence  and 
its  relation  to  divergence  is  the  Landolt  ophthalmodynamometer. 
In  it  we  possess  a  method  comparable  to  the  measurement  of  the 
amplitude  and  range  of  accommodation  by  noting  the  relative  posi- 
tion of  the  punctum  prozimum  and  the  punctum  remotum  of  conver- 
gence. This  device  consists  of  a  black  metal  case  fitted  over  a  candle. 
This  cyhndrical  case  is  pierced  by  various  openings,  the  most  valuable 
of  which  is  a  narrow  slit  through  which  the  candle-light  can  be  seen  as 
a  streak  of  light.    Just  below  each  one  of  the  openings  is  a  hook  to 


which  is  attached  a  tape-measure  marked  in  centimetres,  and  on  the 
other  side  the  metre  angles  corresponding  to  them.  The  candle  is 
held  directly  in  front  of  the  patient's  face,  gradually  approaching  it, 
until  the  light  streak  becomes  doubled.  The  tape  indicates  in  cen- 
timetres this  distance  (which  is  the  punctum  proximum  of  conver- 
gence) as  well  as  the  amount  of  convergence  in  metre  angles.  We 
have  seen  that  the  number  of  centimetres  distant  from  the  in- 
terocular  base  line  to  the  point  of  doubling  divided  into  100  gives 
the  number  of  metre  angles  of  convergence.  If  the  double  vision 
occurs  at  10  cm.,  we  know  that  the  patient  possesses  10  metre  angles 
of  convergence.  The  punctum  remotum  of  convergence  may  be 
obtained  by  having  the  patient,  with  his  head  in  the  primary  posi- 
tion, fix  a  point  of  light,  say,  a  candle  flame,  at  6  m.  and  find  the 
strongest  prism,  apex  out,  before  one  eye,  that  can  be  overcome 


Fig.  78. 


Landolt's  ophthalmodynamometer. 
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without  producing  diplopia.  We  then  divide  the  number  of  that 
prism  in  degrees  by  seven,  and  thus  obtain  in  metre  angles  the 
amount  of  negative  convergence  of  each  eye.  If  the  prism  be  6°,  he 
has  0.85  metre  angle;  if  7°,  1  metre  angle,  and  if  9°,  1.28  metre 
angles,  and  so  on.  The  average  amount  of  convergence  in  the  normal 
condition  is  about  10  metre  angles. 

Many  are  the  devices  that,  in  addition  to  those  mentioned,  have 
been  employed  for  estimating  the  excursion  powers  of  the  ocular 
muscles.  Probably  the  best  of  these  are  the  Risley  rotating  prism, 
the  Maddox  rods,  the  monocular  phorometer  of  Savage,  and  the 
Gould  and  Noyes  prism  batteries. 

Heterophoria,  Heterotropia.  Deviations  from  the  normal  balance 
of  the  eye  muscles  have  received  various  names,  and  we  have  only  to 
mention  insufficiency  or  weakness  of  convergence  to  indicate  one  phase 
of  what  Gould  has  very  properly  termed  "  muscular  imbalance." 
The  nomenclature  of  Stevens  has  been  most  widely  accepted. 
Normal  muscle  balance  he  terms  orthophoria;  abnormal  balance, 
or  imbalance,  heterophoria.  Hyperphoria  is  a  tendency  of  the 
visual  axis  of  one  eye  to  deviate  above  that  of  the  other;  hypophoria 
is  a  tendency  of  the  visual  axis  of  one  eye  to  deviate  below  that  of 
the  other;  exophoria,  a  tendency  of  the  visual  axes  outward; 
esophoria,  a  tendency  of  the  visual  axes  inward;  kyperexophoria,  a 
tendency  of  the  visual  axis  of  one  eye  upward  and  outward;  hypo- 
exophoria,  a  tendency  of  the  visual  axis  of  one  eye  to  deviate  down- 
ward and  outward;  hyperesophoria,  a  tendency  of  the  visual  axis  of 
one  eye  to  deviate  outward  and  inward;  hypoesophoria,  a  tendencj^ 
of  the  visual  axis  of  one  eye  to  deviate  downward  and  inward. 
To  this  list,  Savage  has  acided  insufficiency  of  the  oblique  eye 
muscles,  or  cyclophoria  ;  and  Duane,  a  defect  of  power  of  some  par- 
ticular eye  muscle — hypokinesis — excess  in  action  of  a  particular 
eye — hyperkinesis — while  irregular  action  of  an  individual  muscle  is 
styled  parakinesis.  Where  the  visual  axis  exhibits  something  more 
than  a  tendency  toward  abnormal  excursion,  the  termination  "  tropia  " 
is  used,  instead  of  "phoria;"  thus,  in  exotropia  the  visual  axis,  as 
compared  with  that  of  the  opposite  eye,  does  visibly  turn  outward. 
It  sometimes  happens  that  in  the  same  individual  there  may  be,  for 
example,  a  hyperphoria  for  near  fixation,  and  a  manifest  hypertropia 
when  he  gazes  in  the  distance. 

The  term  "  insufficiency  of  the  ocular  muscles  "  corresponds  to  von 
Graefe's  dynamic  strabismus.  The  test  which  in  von  Graefe's  time 
was  commonly  made  of  the  convergence  power  is  a  simple  one :  The 
patient  is  asked  to  fix  an  object  held  directly  in  front  of  his  face,  at  a 
distance  of  1  m.  This  is  gradually  approached  to  within  10  or  15  cm.  of 
the  eyes.  If  there  be  weakness  of  convergence,  the  eye  with  the  weaker 
internal  rectus  usually  turns  out.  Another  well-known  and  useful  test 
is  to  ask  the  patient  to  fix  a  dot  upon  the  card  held  a  little  below  the 
horizon,  25  cm.  from  the  eyes.  One  eye  is  then  covered,  and  the  other 
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e3''e  is  watched  to  determine  wliether  it,  behind  the  cover,  deviates 
outward,  inward,  upward,  or  downward.  If  there  be  no  deviation 
after  first  one  eye,  and  then  the  other,  has  been  covered  and  uncovered, 
one  may  decide  that  there  is  Uttle  or  no  imbalance  of  the  muscles. 

For  testing  the  functions  of  the  muscles  that  produce  vertical  excur- 
sions, a  10°  or  15°  prism  is  placed,  base  in,  before  either  eye,  taking 
care  that  the  prism  axis  is  exactly  horizontal. 
If  the  double  images  thus  produced  at  20  fig.  79. 

feet  or  6  m.  are  on  the  same  level,  there  is 
no  hyperphoria.  In  much  the  same  way, 
the  functions  of  the  lateral  muscles  may, 
imder  similar  conditions,  be  tested.  A  7°  or 
8°  prism  is  placed  base  up  or  down,  before 
one  eye.  This  produces  vertical  diplopia. 
If  one  unage  is  seen  directl}''  over  the  other, 
there  is  no  excess  of  divergence  or  conver- 
gence. 

There  are  several  methods  of  testing  the 
balance  of  the  muscles  at  the  near  point  or 
ordinary  worldng  distance,  which  varies  ac- 
cording to  the  occupation  from  25  cm.  to  40 
cm.  For  all  practical  purposes  we  may 
employ  it  at  30  cm.  A  card  having  a  small 
dot  and  a  fine  line  drawn  through  the  latter 
is  placed  at  this  distance,  just  below  the 
horizon.  Vertical  diplopia  having  been 
produced  in  the  manner  just  mentioned,  the 
double  images  will  be  found,  in  equilibrium, 
to  stand  directly  above  the  other.  When 
crossed  or  homonymous  deviation  is  pro- 
duced, we  know  that  there  is  insufficiency 
or  excess  of  convergent  power,  and  the 
prism  that  restores  the  images  to  their 
normal  position  represents  the  amount  of 
imbalance. 

Another  useful  method  of  determining  the 
power  of  adduction  or  prism-convergence, 
abduction  or  prism-divergence  and  sursum- 
duction,  is  by  finding  the  strongest  prism 
which  the  lateral  and  vertical  muscles  can  Gouid-s  prism  battery, 
overcome. 

Adduction  is  tested  when  the  patient,  with  his  head  in  the  primary 
position  6  m.  from  a  candle  or  other  flame,  endeavors  to  overcome  the 
double  images  produced  by  a  prism,  apex  in,  placed  before  one  or  the 
other  eye.  One  should  begin  with  a  weak  prism,  and  gradually  increase 
it  until  the  diplopia  is  such  that  no  effort  on  the  part  of  the  patient 
succeeds  in  fusing  the  double  images.    It  should  be  remembered 
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that  the  adductive  power  is  often  greater  by  several  degrees  when  the 
prism  is  placed  before  one  eye  than  when  it  is  held  before  the  other; 
that  the  images  should  always  be  kept  in  the  same  horizontal  line ;  and 
that  the  eye  should  be  encouraged  to  fuse  them  by  bringing  the  candle 
flame  to  witliin  2  or  3  feet  of  the  patient's  face  and  gradually  carry- 
ing it  to  infinity,  or  20  feet  distant.  Another  method  of  inducing 
fusion,  and  thus  measuring  the  total  adducting  power,  is  to  ask  the 
patient  to  fix  the  end  of  his  finger,  held  20  cm.  in  front  of  his  eyes,  and 
then,  immediately  afterward,  to  gaze  at  the  more  distant  candle 
flame.  The  average  of  adducting  power  at  the  first  trial  varies  from  30° 
to '  50°,  in  patients  with  normal  eyes.  Gould  and  Lippincott  have 
described  the  space  between  the  least  and  greatest  power  of  adduc- 
tion as  the  "  region  of  diplopia." 

The  poxoer  of  abduction  is  in  the  same  way  tested  with  a  prism  hori- 
zontally placed;  it  will  then  be  found  that  in  normal  eyes  a  prism 
of  from  6°  to  8°  will  be  overcome.  In  measuring  sursumduction, 
a  prism  is  placed  with  its  base  up  before  one  eye;  the  highest 
degree  that  can  be  overcome  is  noted.  In  all  examinations  made 
at  6  m.,  the  ametropia  should  be  corrected  for  the  distance,  and,  in 
the  same  way,  when  a  near  test  is  employed,  reading-glasses  should 
be  used. 

A  very  convenient  and  useful  method  of  gradually  increasing  the 
strength  of  the  prisms  in  measuring  the  power  of  rotation  pos- 
sessed by  the  extrinsic  muscles  in  a  particular  case,  is  the  prism  hat- 
tery  of  Goultl,  modified  from  the  one  first  suggested  by  Noyes.  (Fig. 
79.)  A  series  of  prisms  increases  on  each  side  of  a  central  slide  by 
1°  up  to  20°,  then  by  2°  up  to  40°.  The  prisms  maybe  revolved  upon 
a  pivot  so  as  to  present  bases  up,  down,  in,  or  out. 

Red  Glass  Test.  If  a  red  glass  be  placed  before  one  eye,  binocular 
vision  is  overcome  in  most  cases  of  heterophoria,  and  two  images, 
one  red  and  the  other  yellowish,  of  a  candle  or  other  flame  are  ob- 
served. The  relative  positions  of  these  lights  is  a  fairly  reliable 
indication  of  the  form  and  amoimt  of  the  imbalance ;  indeed,  it  fur- 
nishes an  easy  though  rough  test  of  the  heterophoria  present.  The 
prism  needed  to  fuse  the  two  images  furnishes  the  degree  of  the  latent 
deflection.    (Plate  IV.) 

Instruments  used  in  testing  the  balance  of  the  extrinsic  eye  muscles 
are  based  mainly  upon  the  foregoing  methods.  That  is  to  say,  the 
impulse  for  binocular  fixation  is  nullified  as  far  as  possible,  so  that 
each  eye  may  be  rotated  to  a  point  which  represents  the  strength 
of  its  muscles  with  other  factors  eliminated. 

The  Phorometer  of  Stevens.  Double  vision  is  produced  by  a  prism, 
base  down  or  up,  before  one  eye,  for  the  examination  of  the  power 
of  the  lateral  muscles,  another  prism,  base  in  or  out,  being  used  for 
measuring  the  power  of  the  vertical  muscles.  It  is,  in  effect,  a  more 
accurate  application  of  the  prism  tests  just  described,  and  may  be 
employed  for  examination  both  for  the  distant  or  the  near  point. 
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Red  Glass  over  Right  Eye. 

1.  Exophoria.  S.  Left  Hyper-esophoria. 

2.  Esophoria.  6.  Right  hyper-esophoria. 

3.  Left  Hyperphoria.  7.  Right  hyper-exophoria. 

4.  Right  Hyperphoria.  8.  Left  liyper-exophoria. 

(Colburii.) 
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Knowing  its  limitations,  and  allowing  for  its  liability  to  error,  it  is 
probably  the  best  instrument  that  we  possess  for  measuring  hetero- 
phoria. 


Fig.  80. 


Stevens'  phorometer. 


The  Rlsley  Prism,  consisting  of  two  superimposed  prisms,  with, 
their  bases  in  opposite  directions,  may  be  used  with  the  trial  frame. 
This  is  an  application  of  Herschel's  plan,  who  showed  that  by  rotating 
two  prisms  in  opposite  directions  we  can  produce  the  effect  of  a 
single  increasing  prism.  With  this  device  the  amount  of  adduction, 
abduction,  and  sursumduction  may  readily  be  measured. 


Fig.  _81.  Fig.  82. 


Risley's  rotary  prism.  Maddox  multiple  rod. 


The  Maddox  simple  or  compound  rod  is  preferred  by  many, 
becau.se  the  line  or  streak  of  light  that  appears  to  the  eye  looking 
through  it,  is  less  likely  to  be  fused  than  are  two  simikar  light-objects 
when  diplopia  is  brought  about  in  the  usual  way.    In  orthophoria, 
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the  candle  flame  (seen  as  a  streak  of  light  by  the  eye  before  which 
the  rod  is  placed)  passes  through  the  candle  flame  seen  by  the  other 


Fig.  83. 

A  B  c 


MadOox's  rod-test  for  horizontal  deviation;  the  rod  is  before  the  right  eye.  A.  Tbe  line  passes 
through  the  flame— orthophoria.  B.  The  line  passes  to  the  right  of  the  flame  latent— convergence  or 
esophoria.  C.  The  line  passes  to  the  left  of  the  flame— latent  divergence  or  exophoria,  {de 
ScHWEiNiTZ  and  Randali,.) 

Fig.  84. 

ABO 


Maddox's  rod-test  for  vertical  deviation ;  the  rod  is  before  the  right  eye.  A.  The  line  passes 
through  the  flame— orthophoria.  B.  The  line  passes  below  the  Dame ;  the  upper  image  belongs 
to  the  left  eye— right  hyperphoria.  C.  The  line  passes  above  the  flame ;  the  upper  image  belongs  to 
the  right  eye— lea  hyperphoria,    (de  Schvveinitz  and  Randall.) 
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eye.  In  esophoria  we  have  homonymous  diplopia,  the  streak  being 
on  the  same  side  as  the  eye  fixing  it;  in  exophoria  it  is  on  the 
opposite  side ;  and  m  hyperphoria,  either  below  it  or  above  it,  as  we 
have  to  deal  with  a  right  or  left  hyperphoria.  Assuming  that  the  rod 
be  placed  before  the  right  eye.  Figs.  83  and  84  show  the  position  of 
the  light  streak  and  the  candle  flame  in  normally  and  abnormally 
balanced  eyes. 

Another  well-known  test  is  the  so-called  'parallax  test.  This  is  made 
at  the  usual  6  m.  distance,  and  is  carried  out  with  a  light  on  a  dark 
background,  each  eye  being  covered  alternately,  so  as  to  remove  the 
desire  for  binocular  fixation.  As  the  cover,  placetl  first  before  one 
eye,  is  being  carried  before  the  other,  the  patient  is  asked  whether 
the  recently  uncovered  eye  notices  any  movement  of  the  distant 
flame.  If  he  does  not  after  a  few  trials,  one  may  be  certain  that 
there  is  no  marked  heterophoria.  When  apparent  motion  of  the 
candle  flame  is  noticed,  the  patient  will  shortly  be  able  to  describe 


Fig.  85. 


Orthophoria.  Heterophoria. 
The  convex  spherical  test. 


its  direction  and  its  extent.  Exophoria  is  indicated  if  the  light  moves 
in  the  same  direction  as  the  cover  is  carried  from  one  eye  to  the 
other;  if  in  the  opposite  cHrection,  esophoria.  If  the  light  moves 
downward  when  the  right  eye  is  uncovered,  there  is  a  right  hyper- 
phoria; if  it  moves  in  an  upward  direction,  we  have  to  deal  with  a 
left  hyperphoria.  The  prism  that  neutralizes  the  movement  measures 
the  degree  of  the  heterophoria. 

The  Convex  Spherical  Test.  A  strong  convex  glass  (15  D.)  is 
covered,  except  at  its  optical  centre,  and  placed  before  one  eye.  ^  The 
distant  candle  image  appears  in  the  shape  of  a  blur  of  light  with  a 
second  image,  that  of  an  ordinary  candle  flame.  If  the  muscles  be 
normally  balanced,  the  clear  candle  flame  will  be  situated  in  the 
middle  of  the  blurred  image.  In  heterophoria  the  clear  image  will 
appear  in  various  parts  of  the  blurred  image  field,  or,  in  the  high 
degrees,  will  be  separated  from  it.  The  relation  between  the  two 
images  and  the  prism  required  to  bring  the  clear  image  into  the 
centre  of  the  blurred  one,  determines  the  measurement  of  the  hetero- 
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phoria.  Hansell_  and  Reber  believe  that,  when  properly  carried  out, 
this  test  is  superior  to  those  in  which  prisms  alone  are  used,  and  that 
it  possesses  all  the  advantages  of  the  Maddox  rods. 

Symptoms  of  Heterophoria.  There  can  be  no  doubt  that  a  marked 
degree  of  almost  every  form  of  muscular  imbalance  (as  measured 
by  one  or  more  phorometers)  may  exist  without  giving  rise  to 
special  symptoms.  The  state  of  the  nervous  system,  the  habits 
of  the  patient,  the  condition  of  the  digestive  and  other  organs 
influence  the  symptomatology  in  these  muscular  anomalies.  On 
the  other  hand,  both  local  and  general  symptoms  are  commonly 
present  in  the  majority  of  cases  of  heterophoria.  Inasmuch  as  ame- 
tropia is  intimately  associated  with  heterophoria  and  with  hetero- 
tropia,  and  since  we  know  that  the  correction  of  the  one  may  greatly 
relieve  the  irritation  produced  by  the  others,  it  is  not  strange  that 
one  has  difficulty  in  differentiating  the  eyestrain  symptoms  of  ame- 
tropia from  tliose  of  heterophoria.  We  shall  consider  these  muscular 
anomalies  separately. 

Pig.  86. 


mm 


Image-movement  In  heterophoria,  exophorla,  and  esophoria.  (Colburn.) 

Exophoria.  The  tendency  of  the  visual  axes  outward  is  generally 
a  passive  concUtion,  and  is  commonly  the  result  of  loss  of  convergence- 
power  or  convergence-impulse,  and  it  may  range  all  the  way  from 
an  insignificant  defect  to  a  true  and  almost  constant  exotropia.  It 
may  be  due  to  structural  defects  in  the  insertion  of  the  recti  interni 
or  their  opponents  in  the  too  divergent  orbits  of  wide  skulls,  or  to 
some  other  anatomical  anomaly.  Moreover,  an  insufficient  innerva- 
tion of  the  interni  may  have  somethmg  to  do  with  this  condition; 
occasionally  a  developmental  defect  in  one  or  other  internus  may 
bring  about  an  undue  tendency  to  divergence.  The  exophoria  may 
be  paretic  from  the  beginning,  or  the  nerve  supply  having  been  par- 
tially restored  in  an  exotropia,  the  remaining  imbalance  is  not  notice- 
able unless  tests  are  applied.  It  will  thus  be  seen  that  both  exophoria 
and  esophoria  are  the  resultant  in  many  cases  of  diseases  of  the  most 
opposite  character,  affecting  one  or  more  of  the  muscles  that  take 
pkrt  in  normal  divergence  and  convergence.  Anything  which  affects 
the  tone  of  the  muscular  system  generally,  but  in  particular  those 
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muscles  engaged  in  convergence,  is  likely  to  produce  an  exophoria. 
We  know  both  from  observation  and  experience  that  the  most  active 
concomitant  of  exophoria  is  myopia.  In  this  form  of  ametropia 
the  convergence  muscles  are  not  frequently  called  into  play;  the 
healthy  impulse  to  converge  is  usually  lacking.  In  time  loss  of  the 
convergence  impulse  takes  place,  and  thus,  indirectly,  exophoria  is 
produced.  The  symptoms  caused  by  exophoria  do  not  differ  from 
those  that  accomjjany  the  ametropic  condition  and  the  accommo- 
dative anomalies  with  which  it  is  so  intimately  associated.  These  are 
connected  nearly  always  with  attempts  to  do  near  work — blurring  of 
the  print,  pain  in  and  about  the  eyes  on  attempting  to  read  or  write, 
confusion  and  running  together  of  print  or  of  the  notes  in  music, 
headache,  fatigue  of  the  eyes,  and  a  sleepy  feeling — all  these  may 
accompany  a  pure  exophoria,  even  after  a  correction  of  the  refractive 
errors  that  accompany  it. 

Treatment.  We  know  that  in  many  instances  exophoria  gives 
very  httle  trouble  and  produces  no  symptoms  after  the  correction  of 
a  simple  or  compound  myopic  astigmatism.  It  sometimes  ceases  to  be 
an  irritant  when  an  acute  or  chronic  disease  has  been  cured.  It  is  the 
belief  of  the  writer  that  the  condition  of  the  general  health  and  the 
correction  of  all  forms  of  astigmatism,  and  especially  of  a  concur- 
rent myopia,  should  be  the  first  consideration  in  this  condition, 
de  Schweinitz  advises,  as  a  routine  of  practice,  tincture  of  nux  vomica, 
fifteen  drops,  three  times  a  day,  increasing  the  dose  by  five  daily 
drops  until  forty-five  are  taken  or  until  toxic  effects  are  noticed. 
When,  after  this  has  been  done,  exophoric  symptoms  still  remain, 
attention  should  be  directed  to  a  permanent  relief  of  the  condi- 
tion. The  most  important  of  the  non-operative  procedures  is  regular 
prism  exercise,  either  by  means  of  the  Noyes-Gould  apparatus  or  by 
means  of  ordinary  square  prisms  set  in  spectacle  frames  and  placed 
before  the  eyes.  The  strongest  prisms,  bases  out,  should  be  used. 
The  patient  fuses  the  double  images  while  standing  four  or  five  feet 
from  the  point  of  illumination.  He  then  slowly  backs  across  the 
room,  fifteen  or  twenty  feet  away.  This  exercise  is  to  be  performed 
for  from  three  to  five  minutes  at  a  time  three  times  a  day.  The 
strength  of  the  prisms  is  gradually  increased,  but  in  no  case  should 
the  patient  make  use  of  such  strength  as  to  cause  pain,  vertigo, 
or  other  disagreeable  symptoms.  This  calisthenic  performance  may 
also  be  conducted  by  ordering  square  prisms  with  which  the  patient 
may  exercise  his  convergence  at  home.  If,  for  example,  the  conver- 
gent power  be  15°  and  the  adduction  7°  or  8°,  three  square  prisms 
may  be  prescribed,  of  respectively  15°,  5°,  and  3°.  The  patient  uses 
the  first  for  a  couple  of  days,  until  fusion  of  the  double  images  at 
twenty  feet  is  easy  when  it  is  placed  before  either  eye.  The  next  day 
he  employs,  for  the  same  purpose,  the  15°  and  the  3°  prism,  and  so 
continues  until  he  can  overcome  the  compound  18°  prism.  Finally, 
all  three  are  together  used,  and  this  combination,  which  is  about  equal 
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to  a  single  25°  prism,  is  exchanged  for  another  series,  say  25°,  10°, 
and  5°.  In  this  way,  the  convergent  power  may  be  increased  until  the 
patient  can  readily  overcome  at  least  a  60°  prism.  Careful  direc- 
tions for  their  use  should  always  be  given,  and  control  experiments 
should  be  made  from  time  to  time  in  the  surgeon's  office.  No  opera- 
tion should  be  thought  of  until  the  measures  just  alluded  to  have 
been  sufficiently  tried.  Outdoor  exercise,  a  nutritious  diet,  and  as 
httle  near  work  as  possible,  should  always  be  inculcated  in  connection 
with  this  general  treatment. 

Although  the  constant  wearing  of  prisms  occasionally  gives  relief 
to_  the  symptoms  induced  by  an  exophoria,  the  writer  cannot  con- 
scientiously advise  them,  except  as  a  temporary  expedient.  If  worn 
for  some  time,  the  effort  of  convergence  is  more  and  more  left  in  abey- 
ance, and  there  is  no  real  attempt  at  a  cure  of  the  conditions  that 


Fig.  8". 


Image-movement  in  hypoexophoria,  hyperpborla,  and  hypoesophoria.  (Colbdrn.) 


underlie  the  exophoric  state.  When  a  prism  correction  is  attempted, 
not  more  than  two-thirds  of  the  total  amount  (divided  between  the 
eyes)  should  be  presented.  Three  or  four  degrees  of  exophoria  rarely 
require  any  correction,  and  as  it  is  usually  during  near  work  that 
symptoms  are  set  up,  and  since  the  exophoria  is  most  marked  at 
that  time,  it  may  be  advisable  to  give  a  stronger  prism  for  reading 
or  desk-work. 

When  all  means  fail,  an  operation  upon  the  eye  muscles  is  indicated. 
In  this  case  the  surgeon  may  tenotomize  one  or  both  externi,  or 
advance  one  or  both  interni.  The  writer,  while  sympathizing  with 
Landolt's  preference  for  advancement  in  all  cases  of  weakened  con- 
vergence, has  not  been  able  to  obtain  the  best  results  without  a 
section  (partial  or  complete)  of  the  opposing  external  rectus.  Where 
the  apparent  exophoria  is  really  dependent  upon  the  presence  of 
hyperphoria  or  a  hypertropia  (as  Stevens  affirms  is  frequently  the 
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case),  no  surgical  interference  with  the  exophoria  is  justifiable  until 
the  vertical  anomaly  has  been  corrected.  Whether  one  or  both 
interni  require  advancement,  and  whether  accompanying  sections 
should  be  done  on  the  externi,  will  depend  upon  the  results  of  a 
single  operation.  Probably  an  exophoria,  symptoms  of  which  are 
not  relieved  by  glasses,  medication,  hygienic  care,  and  prism  exercise, 
should  be  corrected  by  the  advancement  of  both  internal  recti,  with- 
out tenotomy  (partial  or  complete)  of  one  or  both  externi.  But,  if 
the  former  fail,  the  operator  need  not  hesitate  to  have  recourse  to 
the  additional  operations.  The  technique  of  all  these  operations  will 
be  considered  under  the  aUied  condition — strabismus. 

Esophoria.  As  in  the  case  of  exophoria,  this  condition  does  not 
give  rise  to  distinctive  symptoms.  Photophobia,  not  explained  on 
other  grounds,  blurring  of  the  print,  "panorama"  vertigo  and  nausea, 
carsickness  and  seasickness,  with  headache,  nervousness,  and  digestive 
disturbances,  are  often  referred  to  it.  As  Hansell  and  Reber  have 
pointed  out,  a  curious  symptom  noticed  by  esophorics  is  the  nervous 
irritation  produced  by  the  patient's  seeing  his  nose,  not  only  when 
reacUng  or  writing,  but  when  looking  in  the  distance.  As  a  rule, 
patients  suffering  from  esophoria  are  much  more  likely  to  have  symp- 
toms due  to  prolonged  use  of  their  eyes  in  gazing  at  distant  objects,  as, 
for  example,  in  attending  the  theatre,  going  to  church,  in  riding  on 
elevated  trains  or  in  looking  out  of  the  window  of  a  moving  car. 
A  small  amount  of  esophoria  may  give  rise  in  susceptible  individuals 
to  symptoms  when  the  same  or  a  larger  amount  is  well  borne  by  a 
patient  with  a  stable  nervous  system  and  good  digestion.  The  neu- 
rotic and  the  neurasthenic— particularly  if  they  suffer  from  insomnia 
—are  much  more  likely  to  complain  of  esophoria  pure  and  simple 
than  the  healthy  individual.  Just  as  exophoria  is  commonly  asso- 
ciated with  myopic  states,  so  do  we  find  esophoria  niore  frequently 
present  in  all  degrees  of  hyperopia  and  hyperopic  astigmatism. 

Treatment.  First  of  all,  a  full  correction  of  any  refractive  error 
should  be  made,  and,  if  necessary,  glasses  (usually  convex)  should 
be  worn  constantly,  while  the  eyes  are  kept  under  the  influence 
of  atropine  for  several  days  or  weeks.  At  the  same  time,  any 
defect  in  the  general  health  should  be  remedied.  The  habits  of  the 
patient  should  have  attention,  as  these  are  important  in  dealing  with 
this  form  of  heterophoria.  Tonics,  rest  from  work,  careful  dieting, 
change  of  air,  will  often  help  to  effect  a  cure.  In  the  writer's  experi- 
ence, prism  exercise  has  not  that  value  which  it  possesses  in  exophoria, 
and  yet  it  should  be  prescribed  in  conjunction  with  the  foregoing 
treatment.  Remedies  having  the  effect  of  soothing  the  irritated 
nervous  system  are  of  value,  and  of  these  the  most  important  is 
hyoscyamus  in  any  of  its  forms.  When  it  is  impossible  or  not  con- 
sidered desirable  to  instil  atropine,  a  single  drop  of  a  one-  or  two-grain 
solution  of  homatropine  should  be  dropped  into  the  eye  an  hour  or 
two  before  bedtime.    Cycloplegia  produced  by  this  agent  passes  off 
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before  the  next  morning,  while  accommodative  quiet  is  reflected  in 
esophonc  rehef .  Prisms  for  constant  wear  may  be  of  occasional 
value,  but  as  their  tendency  is  to  coddle  the  weak  muscle  or  muscles 
instead  of  strengthemng  them,  this  plan  ought  not  to  be  encouraged' 
As  a  means  of  bridging  over  a  temporary  difficulty,  or  to  allow  time 
for  improvement  of  the  patient's  health,  their  use  may  be  justified 
but  for  a  permanent  cure  they  are  inadmissible.  When  other  means 
fail,  a  marked  esophoria,  say,  of  10°,  for  the  distance,  is  a  defect 
proper  for  operation.  As  the  operative  treatment  of  heterophoria  is 
practically  the  same  as  that  of  true  strabismus  and  other  forms  of 
heterophoria,  a  description  of  the  tenotomies  and  advancements 
proper  to  the  latter  condition  will  be  found  under  the  appropriate 
heading.  There  is  one  exception  to  this  statement,  in  that  vartial 
tenotomy  and  partial  shortening  are  restricted,  by  those  surgeons  who 
employ  these  means,  to  heterophorics  and  to  cases  exhibiting  minor 
degrees  of  heterotropia.  The  writer  has  occasionally  had  patients 
who  were  benefited  by  partial  operations  alone,  after  non-operative 
means  had  faithfully  been  tried. 

Partial  Tenotomy.  This  may  be  either  central  or  marginal  the 
purpose  of  the  former  being  to  lessen  the  tension  of  the  muscle  operated 
on,  while  a  marginal  tenotomy  is  done  both  to  moderate  the  tension 
and  to  influence  the  action  of  the  muscle  upon  the  rotation  of  the 
eyeball.    Savage'  thus  describes  the  two  operations: 

The  instruments  needed  are  the  same  as  those  required  in  doing 
the  complete  operation.    To  do  a  central,  partial  tenotomy  the  lids 
must  be  well  separated  by  the  speculum.  The  patient  should  look  as 
far  as  possible  in  the  direction  opposite  the  muscle  to  be  operated 
on.  The  conjunctiva  over  the  insertion  of  the  tendon  should  be  lifted 
in  a  meridianal  fold  with  the  forceps,  and  this  should  be  snipped  with 
the  scissors.    Through  the  cut  in  the  conjunctiva  the  forceps  should 
be  made  to  grasp  the  capsule  of  Tenon,  which  in  turn  should  be 
snipped   through  the  opening  in  the  conjunctiva;   the  central 
fibres  of  the  tendon  should  then  be  grasped  with  the  forceps  and 
slightly  raised  from  the  sclera,  so  that  they  may  be  caught  with  the 
scissors  between  the  forceps  and  the  attachment,  as  close  to  the  latter 
as  possible.    Thus  the  tendon  is  buttonholed.    If  the  operator  is 
certain,  from  the  resistance  he  feels  with  the  forceps,  that  he  is  not 
too  near  either  margin  of  the  tendon,  he  may  divide  a  few  more  fibres 
in  both  directions,  while  still  holding  the  tendons  with  the  forceps; 
but  in  doing  so  he  takes  some  risk  of  doing  too  much.    Now  the  for- 
ceps should  be  laid  down  for  the  small  (Stevens)  hook,  which  should  be 
passed  through  the  buttonhole  in  the  tendon,  first  in  one  direction, 
then  in  the  other,  beneath  the  uncut  fibres,  so  as  to  determine  the 
resistance.    Guided  by  the  hook,  the  operator  now  divides  fibre  after 
fibre  with  the  scissors,  until  the  lessened  resistance  warns  him  that 
he  has  gone  far  enough  in  that  direction;  he  then  repeats  this  step 


>  From  the  advance  sheets  of  "  Ophthalmic  Myology." 
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toward  the  other  margin,  in  the  same  careful  way.  To  get  the  full 
effect  of  a  partial  tenotomy,  the  capsule  of  Tenon  must  be  cut  coex- 
tensively  with  the  division  of  the  tendon.  The  cut  in  the  conjunctiva 
may_  or  may  not  be  of  the  same  extent.  There  is  no  necessity  for 
making  either  a  very  small  or  a  very  large  conjunctival  incision;  but 
for  those  just  beginning,  a  large  conjunctival  incision  would  make  the 
tenotomy  both  easier  and  safer.  In  a  marginal  tenotomy  the  initial 
cut  of  the  conjunctiva,  capsule,  and  tendon  is  made  as  for  a  central 
tenotomy,  care  being  exercised  that  the  buttonhole  in  the  tendon,  if 
not  in  the  centre,  shall  be  nearer  that  margin  which  is  to  be  com- 
pletely severed  later.  Still  holding  the  tendon  with  the  forceps,  the 
scissors  may  be  passed  in  the  direction  in  which  complete  division  is 
indicated,  and  be  made  to  cut  all  the  fibres  at  once. 

Hyperphoria.  In  tliis  anomaly  there  is  a  tendency  of  one  visual 
line  to  project  itself  higher  or  lower  than  that  of  the  other.  Hyper- 
phoria is  by  no  means  a  rare,  condition,  and,  although  it  may  be  present 
to  a  marked  extent,  it  does  not  always  excite  symptoms,  particularly 
if  the  individual  possess  a  sound  nervous  system,  a  good  digestion, 
and  does  not  abuse  his  eyes.  The  principal  symptom,  not  only  in 
hyperphoria,  but  to  a  greater  or  less  extent  in  all  the  muscular 
anomalies,  is,  in  the  writer's  experience,  sensitiveness  to  light.  In  the 
case  of  hyperphoria  we  find  also  the  usual  reflex  symptoms:  hyper- 
remia  of  the  lids  giving  rise  to  smarting,  burning,  and  a  sensation  of 
heat  in  the  eye;  confusion  of  images,  particularly  when  the  patient 
is  walking  along  a  crowded  street,  looking  out  of  the  window  of  a  car 
in  motion,  ascending  in  an  elevator,  etc.  It  happens  not  infrequently 
that  hyperphoria  of  slight  degree  produces  more  ocular  and  other 
(nervous)  symptoms  than  one  would  expect.  Not  only  in  this  form 
of  heterophoria,  but  in  all  the  others,  the  symptoms  are  not  in  direct 
proportion  to  the  amount  of  the  defect;  indeed,  just  as  it  is  impossible 
to  say  how  much  hypermetropia  or  astigmatism  is  required  for  the 
production  of  sjmiptoms  in  a  particular  individual,  so  is  it  difficult 
to  indicate  the  amount  or  kind  of  annoyance  likely  to  accompany  a 
given  amount  of  hyperphoria  in  a  certain  patient.  This  defect  gives 
rise,  not  only  to  what  Bennett  has  termed  "panorama"  symptoms 
— as  shown  by  headaches,  vertigo,  and  occasionally  vertical  diplopia — 
but  also  evidences  of  nervous  irritation  on  attempting  to  use  the  eyes 
for  long-continued  near  work  are  rarely  absent.  These  are,  in  par- 
ticular, dizziness,  ocular  pain,  and  photophobia.  The  patient  is 
given  to  squinting  his  eyes  during  both  near  and  distant  fixation; 
furrows  or  ridges  may  be  usually  detected  above  one  or  both  eye- 
brows, or  the  eyes  may  present  a  staring  appearance,  or  there  may 
seem  to  be  an  apparent  ptosis  of  one  lid,  with  a  wide-open  condition 
of  the  other.  This  peculiar  wrinkling  of  the  brow  is  seen  in  its  exag- 
gerated form  in  true  oculomuscular  paresis,  but  its  meaning  is  the 
same  in  hyperphoria.  The  head,  also,  is  very  often  carried  with  a 
tilt  away  from  the  hyperphoric  eye.    If  the  vertical  defect  be  not 
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excessive,  this  carriage  of  the  head  may  be  sufficient  to  overcome 
the  whole  of  the  hyperphoria,  and  it  is  a  common  experience  that 
many  hyperphorics,  physically  well  developed,  succeed  during  their 
ordinary  occupations  in  obtaining  comfort  by  thus  neutralizing  all, 
or  nearly  all,  of  an  otherwise  intolerable  hyperphoria.  Exophoria  is 
very  frequently  associated  with  hyperphoria,  and,  as  Stevens  points 
out,  correction  of  the  one  may  issue  in  cure  of  the  other.  Indeed, 
the  writer  is  convinced,  from  an  examination  of  a  large  number  of 
these  cases,  that  hyperexophoria  and  hyperesophoria  are  often  results 
of  an  attempt  on  the  part  of  the  lateral  muscles  to  relieve  the  ver- 
tical deflection.  This  point  should  always  be  decided  before  an 
attempt  is  made  to  correct  either  anomaly.  Both  supraduction  and 
infraduction,  as  well  as  abduction  and  adduction,  should  be  carefully 
measured  with  and  without  correcting-glasses.  If  the  lateral  devia- 
tions are  found  to  be  in  normal  relation  to  one  another,  and  the 
vertical  excursions  are  abnormal,  one  may  conclude  that  the  case  is 
essentially  one  of  hyperphoria. 

Tests  for  Hyperphoria.  These  have  already  been  referred  to,  but 
it  is  well  to  say,  in  adilition,  that  since  small  degrees  of  this  defect 
are  of  greater  importance  than  minor  amounts  of  exophoria  or  eso- 
phoria,  care  should  be  exercised  in  eliciting  its  presence  or  absence. 
The  parallax  or  the  screen  test  will  be  found  of  particular  value  in 
the  detection  of  this  anomaly.  According  to  Duane,  constant  prac- 
tice will  enable  one  to  detect  as  httle  as  a  quarter  of  a  degree  of 
hyperphoria. 

Treatment.  First  of  all,  there  should  be  a  thorough  correction, 
under  a  cycloplegic  (when  that  is  necessary),  of  all  refractive  errors. 
This  will  be  found  sufficient,  in  many  cases,  to  make  the  patient  so 
comfortable  that  further  interference,  for  the  time  at  least,  is  uncalled 
for.  If  correcting  lenses  are  found  to  be  insufficient,  prisms  should 
be  worn.  It  must  be  confessed  that  it  is  not  easy  in  the  first  instance 
to  say  what  proportion  of  the  deviation  should  be  represented  by 
prisms.  As  a  rule,  most  patients  will  not  tolerate  more  than  one-half 
the  full  correction,  divided  between  the  two  eyes.  The  writer's  expe- 
rience is  that  it  is  best  to  order  the  prism  compounded  with  the  cor- 
recting glass,  and  he  does  not  find  that  fronts  are  comfortably  worn. 
It  is  better  to  have  two  pairs  of  glasses  if  it  is  decided  to  use  different 
prismatic  strengths  for  distant  and  near  work.  The  power  of  infra- 
duction and  supraduction,  as  measured  from  time  to  time,  should 
decide  whether  the  prisms  thus  constantly  worn  are  to  be  decreased 
or  increased.  The  constant  wearing  of  prisms  is  of  greater  benefit 
and  more  justifiable  in  hyperphoric  conditions  than  in  those  of  eso- 
phoria  or  exophoria,  and  they  often  produce  brilliant  results.  Savage 
advises  exercise  with  vertical  prisms,  after  the  manner  suggested  for 
prism-training  in  weakened  convergence  and  divergence,  but  the 
results  are  not  satisfactory. 

The  same  rules  apply  in  the  operative  treatment  of  hyperphoria 
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that  were  laid  down  for  esophoria  and  exophoria.  After  all  other 
plans  (correction  of  ametropia,  attention  to  general  health,  etc.) 
have  failed,  tenotomy  of  the  overstrong,  or  rather  overworked, 
muscle  is  indicated.  Care  should  be  observed  not  to  operate  in  paretic 
cases.  When  in  doubt  the  tropometer  or  any  of  the  other  means  of 
measuring  the  rotating  power  of  the  individual  muscles  will  be  found 
of  great  value.  It  is  not  always  easy  (owing  to  the  secondary  con- 
tractions following  even  a  slight  paresis  of  a  vertical  muscle)  to  decide 
whether  we  have  to  deal  with  a  non-paretic  hyperphoria  or  not. 
When  the  latter  is  constant  in  amount,  and  is  found  to  be  due  to 
insufficient  power  of  one  of  the  vertical  muscles,  the  proper  procedure 
is  an  advancement  or  a  muscle-shortening;  where  the  defect  is  due 
to  overaction,  tenotomy  is  indicated.  If  there  be  a  field  for  partial 
tenotomies,  it  is  in  low  degrees  of  hyperphoria  due  to  overaction  of 
a  particular  muscle.  But  the  same  objection  to  the  tenotomy  of  a 
muscle  is  as  pertinent  in  hyperphoria 
as  in  other  muscular  anomalies ;  it  is 
always  better  to  strengthen  a  weak 
muscle  than  to  weaken  a  strong  one, 
even  when  balance  of  all  the  muscles 
is  the  object  sought. 

Cyclophoria.  This  is  an  insuffi- 
ciency of  the  obhque  muscles,  or  a 
defect  of  the  normal  torsion  or  wheel- 
motion,  which  occurs  when  the  ob- 
lique muscles  especially  are  called 
into  action.  We  are  indebted  for 
most  that  we  know  of  this  subject  to 
Savage.  He  attributes  a  number  of 
symptoms  (common  in  ametropia  and  other  forms  of  heterophoria) 
to  this  condition.  It  may  be  detected  by  covering  one  eye  and 
placing  over  the  other  a  Maddox  double  prism. 

The  patient  fixes  a  horizontal  line  drawn  on  a  white  card  eighteen 
inches  from  his  face.  He  sees  two  lines.  The  second  eye,  the 
one  being  tested,  is  now  uncovered  and  a  third  line  will  be  seen  half- 
way between  and  parallel  to  the  others,  if  all  the  muscles  are  properly 
balanced.  In  imbalance  of  the  oblique  muscles  the  central  line  is 
tilted,  in  relation  to  the  others,  either  up  or  down.  If  the  middle  line 
be  nearer  the  bottom  than  the  top  line,  or  vice  versa,  there  is  a  hyper- 
phoria; or,  if  the  middle  line  extend  more  to  the  right  or  to  the  left, 
abduction  or  adduction  is  at  fault. 

Treatment.  Rhythmic  exercise  of  the  insufficient  oblique  muscles 
is  accomplished  by  the  method  of  Savage.  This  consists  of  the  rota- 
tion of  convex  or  concave  cylinders  before  the  eyes  of  the  patient 
who,  meantime,  looks  at  a  distant  candle  flame.  We  have  had  so 
little  experience  of  the  results  of  operations  upon  the  obliques  for  the 
relief  of  cyclophoria,  that  it  can  only  be  said  that  the  matter  is  still 
mh  judice. 


FtG.  88. 


Maddox  double  prism,  a.  Front  view. 
6.  Sectional  view. 
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Strabismus.  Squint.  Heterotropia.'  In  this  condition  the  visual 
axes  are  so  directed  that  the  image  of  the  object  does  not  fall  upon 
the  fovea  of  both  eyes  at  the  same  time.  There  is  an  absence  of  bin- 
ocular vision,  although  the  rotating  power  of  the  individual  muscles 
is  not  to  any  great  extent  impaired. 

Internal  or  Convergent  Strabismus.  Convergent  Squint.  Eso- 
tropia. The  visual  axis  of  one  eye  is  directed  toward  that  of  its  fellow, 
so  that  the  image  falls  upon  some  portion  of  the  retina  in  the  deviating 
or  squinting  eye  outside  the  fovea.  Convergent  strabismus  may  be 
monocular  or  constant,  binocular  or  alternating.  In  the  former 
case,  one  eye  is  constantly  used  for  purposes  of  fixation,  while  the 
second  eye  turns  in.  In  the  second  case  either  eye  is  used  indiffer- 
ently for  fixation,  and  the  opposite  eye  squints. 

There  is  practically  no  definite  line  of  demarcation  between  squint 
and  heterophoria.  Some  forms  of  heterophoria  may  represent  an 
early  stage  of  strabismus,  or  the  same  muscular  imbalance  may  at  one 
time  be  properly  called  squint,  and  at  another  time  a  mere  insuffi- 
ciency of  the  muscles. 

Monocular  Squint  or  Constant  Squint.    Not  only  is  the  vision  of 
the  strabismic  Qye  defective,  but  the  amblyopia  generally  does  not 
correspond  to  any  ophthalmoscopic  defect,  although  the  visual  field 
frequently  is  contracted.    The  error  of  refraction  of  the  amblyopic 
is  often  much  the  same  as  that  of  the  fixing  eye,  so  that  the  ametropia 
alone  cannot  account  for  the  lowered  visual  acuity.    Probably  there 
is  a  true  amblyopia  ex  anopsia;  although  in  the  majority  of  cases  the 
vision  of  the  non-fixing  eye  is  not  to  any  extent  improved  by  correc- 
tion of  the  refractive  error  and  cure  of  the  squint.    Whatever  be  the 
origin  of  the  defect  in  sight,  it  is  probably  the  main  cause  of  the 
heterotropia.    Without  discussing  the  various  theories  from  time  to 
tinie  put  forward  to  explain  squinting  eyes,  one  may  say  that  the 
brain  centres  have  a  dislike  for  the  vision  that  results  from  an  eye 
that  sees  plainly  and  one  that  sees  indistmctly,  and  that  in  the  effort 
to  rid  the  nervous  system  of  this  source  of  irritation  the  defective  eye 
is  turned  in  the  direction  and  kept  in  the  position  easiest  to  obtain 
and  maintain.    If,  however,  we  are  enabled  by  any  means  to  improve 
the  vision  of  the  squinting  eye,  we  to  the  same  extent  remove  the 
objection  on  the  part  of  the  nervous  sj^stem  to  eyes  of  unequal  vision 
If.  in  addition  to  this  desirable  result,  there  goes  a  restoration  to 
parallelism  of  the  visual  axes,  we  may  obtain  not  only  binocular  sight, 
but  also  comfortable  vision  with  both  eyes. 

Diagnosis.  Inspection  of  the  eyes  will  generally  show  an  abnormal 
direction  of  the  visual  axes,  and  the  sclera  will  be  found  more  exposed 
in  one  segment  than  in  the  corresponding  portion  of  the  opposite  eye. 
The  cornea  will,  in  most  cases,  be  seen  to  be  deflected  toward  the 


1  Some  authorities  prefer  the  expression  heterotropia  for  all  forma  of  imbalance  of  the  muscles 
In  which  binocular  fixation  is  lost,  discarding  the  terms  "strabismus,"  "paralytic  squint,"  etc. 
Doubtless,  in  time,  this  nomenclature  will  prevail. 
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Fig.  89. 


nose.  This  apparent  deviation  of  the  visual  axes  is  not  always  to  be 
relied  upon;  the  angle  alpha  may  be  abnormally  small,  so  that 
although  there  is  no  muscular  imbalance,  there  is  an  apparent  eso- 
tropia. The  best  means  of  diagnosis  in  cases  of  doubt  is  the  coyer  test. 
If  the  fixing  eye  be  excluded  by  a  screen,  the  cornea  of  the  deviating 
eye  will  be  seen  to  make  an  excursion  outward.  The  eye  that  before 
turned  toward  the  nose,  now  attempts  to  fix,  and  in  doing  so  the  cornea 
is  rotated  so  that  the  rays  of  light  may  pass  through  and  fall  Upon 
the  foveal  region.  Owing  to  the  high  grade  of  amblyopia  in  some 
eyes,  it  is  not  easy  to  measure  the  amount  of  squint  with  prisms,  and 
for  the  same  reason  the  use  of  the 
double  images  of  a  diplopia  in  the 
various  phorometers  usually  fails 
to  furnish  any  information.  The 
false  image  is  suppressed  in  most 
cases  of  convergent  and  other  forms 
of  squint.  The  amount  of  exces- 
sive convergence  m  squint  may, 
according  to  the  method  of  Lan- 
doltjbe  measured  on  the  perimeter. 
The  patient  fixes  with  the  better 
eye  while  a  cand  e  is  carried  along 
the  arm  of  the  perimeter  until  its 
reflection  is  seen  by  the  observer 
from  the  centre  of  the  pupillary 
area  of  the  opposite  cornea.  The 
angle  thus  subtended  is  read  off  on 
the  arc  of  the  perimeter.  (Fig.  89.) 

Treatment.  Since  convergent 
strabismus  usually  is  associated 
with,  and  is  by  some  said  to  de- 
pend in  most  cases  upon  the  pres- 
ence of  hypermetropia  (as  an  indi- 
rect result  of  abnormal  accommo- 
dative effort,  we  have  increased  attempts  at  convergence),  paralyzing 
the  accommodation  with  an  effective  cycloplegic,  like  atropine,  is  in- 
dicated. At  first  the  squint  is  usually  relieved,  or  it  may  not  undergo 
any  sensible  diminution  for  some  days  or  weeks.  When  the  patient's 
accommodation  is  thus  thoroughly  paralyzed,  a  full  correction  of  the 
hyperopic  error  should  be  ordered  and  worn  constantly.  The 
effect  of  glasses  may  be  much  increased  by  the  continued  use  of 
atropine.  The  writer's  plan  is  to  instil  a  single  drop  of  a  1  per  cent, 
solution  of  atropine  sulphate  into  each  eye  after  breakfast;  this  is 
continued  for  two  weeks  after  the  glasses  have  been  ordered.  The 
cycloplegic  is  then  stopped  for  two  weeks,  or  until  the  patient's  pupils 
are  no  longer  dilated.  If  the  glasses  are  not  fully  accepted,  or  if 
there  is  no  improvement  in  the  squint,  the  atropine  cycloplegia  is 


Measurement  of  squint  with  a  perimeter. 
(Lanijolt.) 
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continued  for  another  fortnight,  and  so  on  alternately  every  fort- 
night for  from  three  to  six  months,  during  which  time  additional 
attempts  should  be  made  to  educate  the  faculty  of  fusion  and  to 
promote  binocular  vision  both  for  distance  and  near.  One  of  the 
best  means  of  accomplishing  these  important  results  is  the  use  of  the 
stereoscope,  using  with  it,  for  example,  the  pictures  of  KroU.  The 
method  of  Landolt,  in  which  the  vision  of  the  better  eye  is  dulled, 
so  that  it  more  closely  approaches  that  of  the  squinting  eye,  is  the 
one  preferred  by  the  writer,  and,  although  much  patience  will  be 
required,  both  on  the  part  of  the  surgeon  and  of  the  child,  good  results 
are  often  obtainable  by  the  use  of  tliis  simple  instrument.  As  con- 
vergent strabismus  usually  sets  in  during  cliildhood,  several  ques- 
tions arise  in  connection  with  tliis  fact.  In  the  first  place,  how  early 
shall  we  attempt  medication?  The  answer  is  that  atropine  should  be 
used  as  soon  as  the  squint  appears  and  attempts  at  monocular  fixa- 
tion are  made.  The  writer  has  frequently  begun  to  treat  a  conver- 
gent strabismus  in  children  two  years  of  age,  and  has  had  them  wearing 
glasses  with  benefit  before  they  were  three  years  old.  If  we  should 
fail  in  obtaining  parallelism  of  the  eye,  or  should  so  far  succeed  in 
our  efforts  as  to  convert  the  monocular  squint  into  one  of  occasional 
esotropia,  an  operation  should  be  tlone — the  earlier  the  better.  In 
monocular  squint  that  has  defied  milder  measures,  advancement  of 
the  externus  with  tenotomy  of  the  internal  rectus  is  the  operation 
that  will  generally  be  required  and  that  will  usually  be  successful. 
One  often  finds  an  upward  deviation  combined  with  the  inward  squint, 
and  it  is  usually  necassary  in  such  cases  to  tenotomize  also  the  superior 
rectus  of  the  squinting  eye. 

Alternating  Convergent  Strabismus.  In  this  form  of  convergent 
squint  the  nerve  centres  seem  indifferent  as  to  whether  vision  is  con- 
ducted by  one  eye  or  the  other;  sometimes  one  eye  fixes  and  the 
other  squints;  sometimes  the  hitherto  squinting  eye  sees,  while  the 
fellow  eye  turns  in.  Vision  is  usually  about  the  same  in  each  eye, 
and  it  is  usually  easier  to  restore  binocular  vision  than  in  constant 
squint.  It  is  sometimes  difficult  to  explain  the  origin  of  alter- 
nating strabismus,  especially  examples  of  it  where  there  seems 
to  be  an  objection  on  the  part  of  the  cerebral  centres  to  binocular 
fusion.  One  may  at  least  postulate  a  congenital  defect  of  co-ordina- 
tion in  the  fusion  centres.  These  patients  invariably  have  a  hyper- 
metropia  of  more  than  2D.,  and  we  may  assume  that  the  incentive 
to  accommodative  effort  and  the  abnormal  use  of  the  convergence 
have  something  to  do  with  the  squint. 

Diagnosis.  This  is  practically  the  same  as  for  the  constant  form. 
It  is  easier,  however,  to  induce  diplopia  with  prisms  or  otherwise, 
and  so  recognize  the  relation  of  the  false  to  the  true  image.  This  is, 
of  course,  much  more  diflficult  in  children,  but  with  a  little  coaxing 
and  the  exercise  of  patience,  it  can  often  be  demonstrated.  Hyper- 
esotropia  is  a  common  variety  of  alternating  squint,  just  as  it  is  in 
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the  constant  form,  and  in  the  procedures  undertaken  for  its  cure  this 
form  of  the  defect  should  not  be  overlooked.  The  treatment  of  alter- 
nating esotropia  is  practically  that  of  the  constant  variety,  and, 
although  the  writer  does  not  entertain  the  enthusiastic  opinion  com- 
monly held  as  to  the  high  proportion  of  cures  in  binocular  strabis- 
mus convergens,  there  is  no  doubt  that  parallelism  and  binocular 
fusion  more  frequently  result  from  judicious  treatment  than  they  do 
in  the  constant  form. 

External  or  Divergent  Squint;  Divergent  Strabismus;  Exotropia. 
This  is  the  antipodes  of  esotropia,  and  is  usually  associated  with 
myopic  eyes.  It  is  an  acquired  condition,  often  dependent  upon  the 
same  causes  that  bring  about  myopia,  such  as  asymmetrical  orbits, 
long-continued  near  work,  insiifficiency  of  the  internal  recti,  etc. 
The  etiology  of  many  cases  is  obscure,  but  the  lessened  demand  on 
accommodation  and  convergence,  and  the  consequent  relaxation  of 
the  interni  muscles  that  accompanies  the  acquisition  of  axial  myopia, 
are  largely  responsible  for  them.  The  eye  turns  out  constantly  in 
the  monocular  form,  and  alternates  in  this  position  with  the  fellow 
eye  in  binocular  exotropia.  Probably  the  disease  begins  with  a  ten- 
dency to  deviation  (exophoria)  and  ends  in  a  true  exotropia.  For 
this  reason  divergent  squint  is  rarely  seen  in  children,  but  is  an  anom- 
aly of  adolescence.  The  tendency  of  myopic  eyes  toward  divergence 
is  partly  due  to  the  enlargement  and  consequent  elongation  of  the 
eyeball,  which  adds  to  the  weakness  of  the  adducting  muscles.  This 
train  of  causes,  with  the  decreasing  convergent  power,  brings  about 
a  true  divergence.  Small  degrees  of  divergence  are  readily  detected 
by  the  cover  test,  while  a  high  degree  is  readily  seen  on  inspection. 
Occasionally  the  squinting  eye  in  constant  exotropia  is  amblyopic, 
but  the  deviation  itself  rarely  sets  up  symptoms,  because  the  image 
of  the  divergent  eye  is  suppressed  and  diplopia  is  not  a  symptom. 

Treatment.  The  optical  treatment  of  divergent  strabismus  con- 
sists chiefly  in  the  correction  of  the  accompanying  myopia,  with  or 
without  the  prescription  of  prisms.  As  full  a  correction  of  the  myopia 
as  the  patient  will  tolerate  should  be  given,  and  the  accommodation 
should  be  further  stimulated  by  instilling  a  weak  solution  of  pilocar- 
pine into  each  eye  three  times  a  day.  If  the  exotropia  be  associated 
with  hypermetropia,  the  latter  should  either  not  be  corrected  at  all,  or 
the  weakest  working-glass  should  be  used.  In  this  way  one  may  hope 
to  excite  the  action  of  the  ciliary  muscle  and  arouse  a  concomitant 
stimulation  of  the  adductor  muscles,  and  thus  lessen  the  divergence. 
In  low  degrees  of  exotropia,  or  in  those  cases  where  the  aforemen- 
tioned treatment  is  successful  in  converting  the  exotropia  into  an 
exophoria,  prism  and  stereoscope  training  should  be  made  use  of. 

After  a  fair  trial  has  been  given  these  remedies,  and  paral- 
lelism or  binocular  fixation  is  not  attained,  operative  measures  are 
called  for.  The  remaining  deviation  should  be  overcome  by  advance- 
ment of  the  internal  rectus  of  one  or  both  eyes,  not  forgetting  the 
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vertical  deviations  that  sometimes  accompany  this  form  of  squint. 
When  the  patient  has  once  possessed  the  power  of  binocular  vision 
the  operative  treatment  is  much  more  likely  to  be  successful,  although 
a  period  of  stereoscope  training  may  properly  occupy  several  months 
both  before  and  after  operation. 

Hypertropia.  Vertical  deviation  amounting  to  squint  is  usually 
associated,  as  has  been  mentioned,  with  exophoria  or  esophoria;  in 
any  event  it  may  be  regarded  as  a  late  stage  or  exaggerated  form  of 
hyperphoria.  Many  patients  exhibit  a  deviation  in  the  vertical 
line  which  may  at  one  moment  present  a  hyperphoria  and  at  another  a 
hypertropia.  As  long  as  the  patient's  fusion  power  is  sufficient  at 
any  time  to  bring  about  bmocular  vision,  the  former  condition 
obtains;  the  moment  this  fails  one  eye  turns  up,  and  we  have  a  ver- 
tical squint.  What  has  been  said  of  hypophoria  is  largely  true  of 
hypertropia,  both  as  to  causation  and  treatment. 

Anaphoria,  Anatropia.  Cataphoria,  Catatropia.  Stevens  was 
the  first  to  describe  a  class  of  cases  in  which  both  visual  axes  deviate 
either  above  or  below  the  horizontal  plane.  If  the  condition  be  pro- 
nounced and  require  careful  testing  to  prove  its  existence,  he  desig- 
nates the  anomaly  anaphoria,  when  there  is  a  deviation  of  both  axes 
upward,  or  cataphoria  in  deviation  of  both  axes  downward.  If  the 
imbalance  be  more  marked,  we  have  an  anatropia,  or  a  catatropia. 
Whatever  be  the  nature  of  this  unusual  condition,  it  is  discovered 
by  means  of  the  screen  or  cover  test.  In  anatropia  the  right  eye 
turns  up  behind  tlie  screen,  while  the  left  eye  fixes,  the  left  eye  rotating 
upwaril,  and  not  downward  as  in  hypertropia,  the  moment  the  cover 
is  transferred  to  the  other  eye.  In  catatropia  a  downward  excursion  is 
noted  in  both  eyes  with  the  cover  test.  Stevens  attributes  a  number  of 
evil  consequences  to  these  conditions,  which  he  removes  by  operation. 

Paralysis  of  the  Eye  Muscles.  Although  for  the  purpose  of  inves- 
tigation it  is  desirable  to  consider  the  ocular  palsies  apart  from  hetero- 
tropia  and  the  various  forms  of  squint,  it  is  often  difficult  to  differen- 
tiate one  from  the  other.  Just  where  functional  weakness  of  a 
muscle  ends  and  paretic  insufficiency  begins  is,  upon  occasions, 
impossible  to  demonstrate.  Muscular  paralysis  may  be  of  intracranial 
or  orbital  origin ;  in  other  words,  the  nerves  and  nerve  centres  upon 
which  their  function  depends  may  be  attacked  in  the  cortex  (cortical 
paralysis),  in  both  cortex  and  nuclei  (cortico-nuclear),  in  the  nuclei 
alone  (nuclear),  ^vithin  the  cranium  and  along  the  peripher}^  (cranio- 
peripheral),  or  within  the  orbit  (orbital).  The  central  causes  of  these 
organic  lesions  are  commonly  constitutional,  especially  lues,  rheuma- 
tism, and  tuberculosis.  They  are  often  associated  with  tabes,  paralysis 
of  the  insane,  brain  tumors,  basilar  meningitis,  and  other  processes  in- 
herent in  the  various  forms  of  intoxication,  tuberculosis,  dipjitheria, 
hysteria,  nephritis,  diabetes,  direct  and  indirect  injury,  etc.  Of  con- 
genital paralysis,  ptosis  is  the  most  common  sign,  while  paresis  of  the 
external  rectus  alone  is  frequently  encountered. 
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Symptoms.  Ocular  paralysis  sets  in  without  warning,  unless  it  be 
headache,  or  the  symptoms  of  disease  (generally  of  the  nervous  sys- 
tem), or  traumatism  with  which  it  is  so  often  associated.  Double 
vision  is  usually  the  first  indication  the  patient  has  of  an  attack. 
It  is  extremely  annoying,  particularly  if  it  be  oblique  or  vertical.  The 
cUplopia  persists  during  the  attack,  and  is  often  associated  with  vertigo, 
nausea,  occasional  vomiting,  mental  confusion,  uncertain  gait,  and  a 
sense  of  insecurity  while  walking  about.  The  eye  under  the  influence 
of  paretic  muscles  does  not  see  objects  in  their  proper  position,  and 
to  this  false  projection  are  due  the  uncertainty  in  walking  and  grasping 
objects  and  other  cUsagreeable  consequences  of  the  paralysis.  The 
usual  innervation  effort  put  forth  to  assist  the  disabled  eye  to  fix  is 
the  source  of  the  error.  It  was  employed  by  Graefe  under  the  name 
"touch  test "  in  testing  for  the  paralyzed  muscles.  The  patient  covers 
the  sound  eye  with  one  hand  and  with  his  forefinger  endeavors  quickly 
to  touch  the  tip  of  a  pencil  held  before  him  with  the  other.  He  will 
direct  the  finger  tip  to  the  side  of  the  pencil  corresponding  to  the 
paralyzed  muscle.  In  time,  however,  the  patient  learns  by  expe- 
rience to  make  allowance  for  this  error,  and  for  him  the  test  is  value- 
less. After  a  time  the  patient  learns  to  close  one  eye,  so  as  to  shut 
out  the  confusing  second  image;  or  if  ptosis  set  in,  the  same  end  is 
served.  Eventually,  also,  the  head  is  turned  toward  the  side  of  the 
paralyzed  muscle  (upward  in  elevator,  downward  in  depressor  muscle 
paralysis),  as  this  action  corrects  or  at  least  diminishes  the  double 
vision.  These  unnatui'al  positions  of  the  head  assist  the  surgeon  in 
making  a  diagnosis,  although  it  should  not  be  forgotten  that  similar 
poses  are  seen  in  heterophoria  and  in  some  other  forms  of  hetero- 
tropia. 

Diagnosis.  When  a  single  muscle  in  one  eye  is  recently  paralyzed,' 
it  is  easy  from  the  symptoms  and  by  inspection  to  say  at  once  where 
the  trouble  lies.  More  frequently,  however,  a  careful  inspection  of  all 
the  excursions  of  both  globes  is  necessary  before  a  correct  diagnosis 
can  be  made.  In  any  event  the  patient  should  be  placed  with  his  head 
in  the  primary  position  and  asked  to  follow,  first  with  each  eye  sepa- 
rately and  then  with  both  together,  the  point  of  a  pencil  while  it  is 
<3arried  in  various  directions  in  front  of  his  face.  Many  are  the 
schemes  that  have  been  devised  for  detecting  the  character  of  para- 
lytic squint  by  making  use  of  the  double  images  invariably  produced 
in  some  part  of  the  field  by  even  a  slight  muscular  paresis.  Of  these, 
probably  Mauthner's  (Fig.  90)  pictorial  table  of  single  muscle  paresis 
is  the  simplest.  There  are  several  reasons  why  it  is  so  often  difficult 
to  determine  by  means  of  the  diplopia  test  alone  what  muscle  or 
muscles  are  affected.  One  does  not  always  have  intelligent  patients 
to  deal  with;  the  paresis  may  affect  more  than  one  muscle,  or  it  may 
be  complete  in  one  eye  and  incomplete  in  the  other;  or,  when  one 
eye  alone  is  affected,  a  single  muscle  may  be  completely  paralyzed 
while  others  are  only  partially  affected.    Moreover,  when  the  case  is 
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of  long  standing,  contractures  of  the  antagonist  muscles  are  pretty 
sure  to  set  in,  and  there  may  also  be  in  such  cases  a  successful  effort, 
made  in  the  interests  of  the  nervous  system,  to  suppress  entirely  the 
image  in  the  deflected  eye.  A  previously  existing  muscle  imbalance 
or  a  marked  difference  in  the  vision  of  the  two  eyes  also  acts  as  a  dis- 
turbing factor.  There  may  be  no  squint  when  the  eyes  are  turned 
away  from  the  paralyzed  muscle,  but  it  is  readily  produced  when  they 

Fig.  90. 

Eelations  op  the  Double  Images  in  Paealysis  of  the  Ocular  MuscLEa 

(The  True  Image  is  Barred.) 

^ZZ  Kilemal  Rectus.   

  Double  vision  on  looking  toward  the 

ZZZ  paralyzed  side.    The  image-separation   

increases  with  abduction  of  the  paralyzed 
Z^Z^  eye.  ZZZ 


Internal  Rectus. 
Double  vision  on  looking  toward  the 
unaffected  side.   The  separation  of  the 
images  increases  with  the  adduction  of 
the  paralyzed  eye. 


Superior  Rectus. 
Double  vision  on  rotating  the  eye  up- 
ward. Distance  between  the  images  in- 
creases when  the  paralyzed  eye  is  raised 
and  abducted.  The  obliquity  of  the  false 
image  is  Increased  by  adduction. 


Inferior  Rectus. 
Double  vision  on  rotating  the  eye  down- 
ward. Distance  between  the  images  in- 
creases when  the  paralyzed  eye  is  lowered 
and  abducted.  The  obliquity  of  the  false 
image  increases  on  adduction. 


Mauthner's  scheme  for  the  detection  of  the  aflected  muscles  in  ocular  palsy. 
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Superior  Oblique. 
Double  vision  on  rota  ting  eye  downward. 
Distance  between  images  increases  when 
the  paralyzed  eye  Is  lowered  and  adducted. 
The  obliquity  of  the  false  image  increases 
with  abduction. 


Inferior  Oblique. 


Double  vision  on  rotating  eye  upward. 
Distance  between  images  increases  when 
the  eye  is  raised  and  adducted.  The  ob- 
liquity of  the  false  image  increases  with 
abduction.  The  lateral  distance  between 
the  images  increases  as  the  paralyzed  eye 
is  raised  and  abducted. 


Mauthner's  scheme  for  the  detection  of  the  affected  muscles  in  ocular  palsy. 

are  rotated  toward  the  seat  of  paralysis.  The  deviation  is  more 
marked  the  wider  the  attempted  excursion,  while  the  Imiitation  of 
movement  noticed  can  usually  be  referred,  without  difficulty,  to  the 
proper  muscle  or  set  of  muscles.  //  the  affected  eye  fix  an  object 
directly  in  front  of  it  and  the  sound  eye  he  covered,  the  latter  will  deviate 
to  a  greater  extent  in  the  same  direction  than  the  paralyzed  eye.  This 
secondary  squint  is  an  overaction  result  arising  from  the  excessive 
innervation  effort  needed  to  allow  the  affected  eye  to  fix.  This  fact 
is  to  be  reniembered  in  the  differential  diagnosis  between  fimctional 
and  organic  esotropia;  in  the  former  the  primary  and  secondary 
deviations  are  equal. 

Unilateral  Paralyses  of  the  Orbital  Muscles.  Paralysis  of  the 
External  Rectus.  Abducens  Paresis.  Paralysis  of  the  Sixth  Nerve. 
This  is  the  commonest  form  of  the  individual  palsies.  The  long 
course  of  the  sixth  nerve  through  its  bony  canals  renders  it  pecu- 
liarly liable  to  disease  from  the  various  meningitic  and  other  processes 
that  may  occur  during  its  passage  to  the  external  rectus  muscle. 
It  is  often  found  as  a  part  of  rheumatic,  syphilitic,  and  traumatic 
conditions,  as  well  as  in  disease  of  those  central  neurons  with  which 
the  sixth  nerve  is  associated.  Wood  says  that  when  the  paralysis 
is  peripheral  it  is  likely  to  be  due  in  adults  to  syphilis  when  not 
distinctly  of  rheumatic  origin,  but  that  it  is  generally  tubercular  in 
children. 
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Third  Nerve  Paralysis.  This  is  next  in  order  of  frequency  of  the 
one-sided  pareses.  The  most  common  sign  is  paralysis  of  the  levator 
palpebrse,  causing  ptosis,  with  a  loss  of  the  normal  skin-wrinkling  of  the 
affected  lid,  although  the  latter  can  be  partially  raised  by  contraction 
of  the  frontaUs  muscle.  When  other  branches  are  implicated,  the  globe 
is  defective  in  all  its  excursions  except  the  downward,  upward,  and 
outward  movements.  The  eye  deviates  outward  and  downward  owing 
to  contraction  of  the  miaffected  superior  oblique  muscle,  and  the 
upper  end  of  the  vertical  meridian  will  be  plainly  seen  to  turn  toward 
the  nose.  There  is  exophthalmos  from  relaxation  of  so  many  recti 
muscles;  dilatation  and  immobility  of  the  pupil,  as  well  as  paralysis 
of  accommodation  from  the  involvement  of  the  iridic  and  ciUary 
fibres.  The  mydriasis,  which  may  be  further  mcreased  by  atropine, 
is  unaffected  by  light,  convergence,  or  the  consensual  test.  Vision 
both  for  distance  and  the  near  point  is  affected  about  as  it  would  be 
if  a  cycloplegic  were  instilled  into  the  eye.  The  diplopia  is  crossed, 
the  false  image  being  higher,  and  its  upper  end  is  inclined  toward 
the  paralyzed  side. 

Paralysis  of  the  third  nerve  is  often  incomplete,  and  it  may  be 
associated  with  the  same  affection  of  other  nerves.  If  the  ciliary 
muscle  and  ii-is  are  alone  involved,  we  have  an  internal  ophthalmo- 
plegia; if  the  extrinsic  muscles  are  all  affected,  an  external  ophthal- 
moplegia; if  both  external  and  internal  muscles  are  paralyzed,  a  total 
ophthalmoplegia. 

A  form  of  recurrent  oculomotor  paresis,  called  by  Charcot  ophthal- 
moplegic migraine,  attacks  children  and  young  adults  who  suffer 
from  severe  headache  (attended  by  nausea  and  vomiting)  on  the  side 
of  the  paralyzed  muscles.  In  tlae  intervals  of  the  early  attacks, 
Avhich  last  from  a  few  days  to  a  few  months,  the  muscles  regain  their 
normal  fmictions,  but  the  paresis  becomes  more  marked  and  at  last 
it  may  be  permanent.  The  disease  affects  both  sexes  equally, 
and  is  accompanied  by  contraction  of  the  field  of  vision  and  lowering 
of  the  central  acuity.  Its  real  nature  is  obscure;  some  writers  believe 
it  to  be  hysterical,  others  attribute  the  symptoms  to  a  lesion  of  the 
nerve  root  at  the  base  of  the  brain.    No  treatment  is  of  avail. 

Paralysis  of  the  Superior  Rectus.  Tliis  is  not  an  uncommon 
unilateral  paralysis.  With  it  there  is  limited  movement  upward  and 
toward  the  unaffected  eye,  accompanied  by  diplopia  in  the  upper 
half  of  the  field  of  vision.  "^Hien  the  patient  looks  in  this  direction 
divergence  is  the  result.  The  face,  in  fixation,  is  turned  up,  while 
both  it  and  the  head  are  inclined  toward  the  sound  side.  The  rela- 
tive position  of  the  true  and  false  images  will  be  seen  on  consulting 
the  chart  (page  178). 

Paralysis  of  the  Superior  Oblique.  Trochlearis  Palsy.  Fourth 
Nerve  Paralysis.  This  muscle  is  rarely  paralyzed  alone.  The  diag- 
nosis can  usually  be  made  in  recent  cases  by  the  diplopia-scheme  test 
(page  179),  or  by  remembering  that  there  is  homonymous  diplopia  on 
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looking  down,  that  the  false  image  is  lower,  with  its  upper  end  inclined 
toward  the  healthy  eye.  It  is  a  very  troublesome  form  of  paralysis, 
and  the  patient  is  compelled  to  close  one  eye  to  avoid  the  double 
vision  in  the  lower  half  of  the  field. 

Unilateral  and  isolated  paralysis  of  the  inferior  rectus,  internal  rectus, 
or  inferior  oblique  is  extremely  rare.  When  any  of  these  does  occur, 
it  can,  especially  in  recent  cases,  be  diagnosed  by  the  symptoms  and 
a  study  of  the  positions  and  relations  of  the  diplopic  images. 

A  fairly  large  percentage  of  ocular  palsies  affect  the  associated 
movements  of  the  two  eyes,  and  while,  as  before  stated,  almost  any 
or  every  combination  of  paralysis  of  the  muscles  of  the  two  eyes  may 
occm',  there  are  particular  examples  that  call  for  mention. 

Paralysis  of  Convergence.  This  may  result  from  true  nuclear  or 
supranuclear  disease.  It  is  not  necessarily  followed  by  diplopia,  but 
the  patient  is  miable  to  fix  with  either  eye  at  the  near  point ;  the  optic 
axes  remain  parallel  in  all  movements. 

Conjugate  Paralysis.  Inabihty  to  move  both  eyes  together,  either 
to  the  right  or  to  the  left,  while  the  convergent  power  is  preserved, 
is  not  infrequently  seen.  The  lesion  in  this  case  is  probably  cortical, 
although  it  is  also  claimed  to  be  near  the  sixth  nerve  nucleus — said 
by  some  observers  to  be  the  centre  for  the  associated  lateral  motions 
of  the  globe.  It  is  often  a  distant  symptom,  as  in  hemorrhage  into 
or  disease  of  the  cortex,  pons,  internal  capsule,  etc.  It  usually  lasts 
but  a  short  time,  because  disturbance  of  the  centre  in  one  side  of  the 
brain  is  soon  quelled  by  the  unaffected  second  centre.  In  destructive 
lesions  with  this  symptom  the  eyes  turn  from  the  paralyzed  side 
(Swanzy)  when  the  cerebrum  is  the  seat  of  the  disease,  but  toward 
the  paralytic  side  in  pontine  disease;  the  eyes  turn  toward  the  con- 
vulsed side  in  irritative  lesions  of  the  cerebrum,  but  away  from  it  in 
irritation  of  the  pons. 

Conjugate  paralysis  of  both  upward  and  downward  movement,  due  to 
disease  of  the  thalamus  opticus  and  the  corpus  striatum,  has  also 
been  recorded. 

Prognosis.  As  a  rule,  the  peripheral  paralysis  (due  to  exposure  to 
cold,  rheumatism,  injury)  gets  well,  but  where  the  cause  of  the  palsy 
is  intracranial  the  prospect  of  a  cure  is  necessarily  more  remote. 
The  first  attack  of  ocular  paresis  that  heralds  the  approach  or  forms 
a  part  of  tabes  dorsalis  may  disappear,  only  to  recur  and  become  per- 
manent. Indeed,  it  may  well  be  remembered  that  an  attack  of  ocular 
paresis  occurring  in  a  man  over  thirty-five  years  of  age — particularly 
if  he  has  had  early  syphilis — should  arouse  suspicions  of  a  prob- 
able posterior  spinal  sclerosis.  Probably  the  paretic  cerebral  com- 
plications of  syphilis  (gumma,  local  periostitis  and  the  like)  are  as 
amenable  to  treatment  as  any  paralysis  of  central  origin.  In  most 
cases  many  weeks  or  months  may  elapse  before  improvement  or  cure 
results.  The  longer  a  paralysis  has  existed  (with  or  without  treat- 
ment) the  less  the  hope  of  eventual  cure. 
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Treatment.  So  far  as  possible  the  cause  of  the  paralysis  should 
be  removed.  Where  the  origin  of  the  trouble  is  definitely  rheumatic, 
salicin,  ten  to  twenty  grains  three  times  daily,  has,  in  the  writer's 
hands,  been  found  more  desirable  and  more  readily  borne  than  the 
salicylates.  This  should  be  combined  with  an  antirheumatic  regimen, 
vapor  baths,  and  copious  draughts  of  lithia  water.  Injuries  should 
have  the  care  proper  to  them.  All  the  other  cases,  unless  there  is 
some  contraindication,  should  at  once  be  ordered  a  com'se  of  sodic  or 
potassic  iodide  (or  both  together)  in  increasing  doses,  to  be  given 
between  meals  and  in  a  large  quantity  (pint  or  two)  of  water.  Most 
patients  will  tolerate  300  or  400  grains  daily  with  benefit.  Tliis  may 
be  supplemented  by  mild  mercurial  inunctions,  and  the  patient 
should  meantime  take,  three  or  four  times  every  week,  the  Turkish 
or  the  ordinary  sweat  bath.  For  the  benefit  of  the  change  (as  well  as 
the  hot  water)  patients  do  well  at  various  hot  springs  here  and  abroad. 
Coincident  with  this,  the  treatment  proper  to  gout,  arterio-sclerosis, 
tubercle,  and  brain  neoplasms  is  indicated,  although  in  many 
instances  \i  will  not  be  followed  by  any  good  result  so  far  as  the 
paralysis  is  concerned. 

Locally,  a  weak  current  (2  to  5  milliamperes)  of  the  interrupted 
galvanic  current  will  be  found  of  use— the  cathode  over  the  closed 
lid  or  on  the  cocainized  sclera,  near  the  insertion  of  the  paralyzed 
muscle,  the  anode  at  the  nape  of  the  neck. 

Michel's  plan  of  grasping  the  cocainized  conjunctiva  and  sclera 
with  a  pair  of  fixation  forceps,  and  forcibly  exercising  the  enfeebled 
muscle  by  rotating  the  globe  back  and  forth  in  the  direction  of  its 
action  about  a  minute  each  day,  is  of  some  value.  Other  forms  of 
exercise,  with  prisms  or  fixing  a  near  object  for  a  few  minutes  at  a 
time  several  times  a  day  in  all  possible  directions,  may  have  the  effect 
of  preventing  secondary  contractures  and  of  stimulating  the  periph- 
eral nerve  fibres.  Sometimes,  when  the  paresis  is  slight,  correcting 
prisms  relieve  the  diplopia  and  the  vertigo.  In  chronic  paralysis, 
after  the  foregoing  treatment  has  been  applied  without  success,  when 
the  paretic  muscle  retains  some  contractile  power,  advancement  of 
the  weak  muscle  with  Tenon's  capsule  may  be  tried.  Section  of  the 
antagonist  will  always  be  needed.  If  the  paralysis  be  complete,  no 
operation  should  be  undertaken. 

Paralysis  of  the  Extrinsic  Muscles  in  the  Localization  of  Cerebral 
Diseases.  Third  Nerve  Paralysis.  Bearing  in  mind  the  nuclear 
and  cortical  centres  of  the  eye  muscles,  unilateral  ptosis  alone  is  nearly 
always  due  to  implication  of  the  cortical  (associated)  centre  in  the 
opposite  upper  extremity  of  the  ascending  frontal  convolution — 
near  the  arm  centre.  Isolated  ptosis  is,  hence,  called  cerebral  ptosis. 
Paresis  of  the  levator  palpebraB  occurring  on  the  same  side  as  the  lesion, 
without  implication  of  the  other  branches  of  the  third  nerve,  indicates 
disease  of  the  pons  Varolii.  In  destructive  lesions  of  the  crus  where 
there  is  crossed  paralysis,  ptosis  is  usually  present  as  part  of  a  total 
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third  nerve  paralysis.  If,  under  these  cii'cumstances,  only  the  branch 
supplied  to  the  levator  be  affected,  one  may  diagnosticate  a  lesion 
of  the  peduncle.  When  oculomotor  paresis  is  found  on  the  same  side 
and  about  the  same  time  as  a  central  lesion  shows  itself,  with  loss  of 
sensation  and  motion  (including  facial  and  sometimes  hypoglossal 
paralysis)  of  the  opposite  side  of  the  body,  we  have  a  "  crossed  hemi- 
plegia" that  almost  invariably  means  destructive  disease  of  the  crus. 
Lesions  affecting  the  basal  neurons  are,  however,  the  commonest  of 
the  oculomotor  paralyses,  and  these  are  usually  complete.  It  is  not 
always  easy,  from  the  character  of  the  paralysis  alone,  to  differentiate 
between  disease  of  the  crus  and  purely  basal  disease.  If  there  is  no 
other  jDaresis,  or  if  there  is  an  incomplete  hemiplegia  with  the  third 
nerve  paralysis,  the  changes  are  almost  certainly  at  the  base  of  the 
brain.  One  must  not  forget  that  oculomotor  paralysis  may  occur  as 
a  distant  (pressure)  symptom,  especially  in  brain  tumor  and  throm- 
bosis of  the  cavernous  sinus. 

Paralysis  of  the  Sixth  Nerve.  Owing  to  the  many  connections 
formed  by  the  abducens  during  its  long  course  from  the  brain  to  the 
external  rectus  muscle,  it  is  subject  to  paralysis  in  lesions  not  directly 
reacliing  its  nuclear  origin.  Cerebellar  tmnor  is  an  example  of  a  dis- 
tant lesion  especially  prone  to  affect  the  sixth  nerve  in  this  way,  and 
one  or  both  nerves  may  be  compromised.  When  abducens  paralysis 
ajDpears  as  the  only  focal  sign,  it  usually  means  basal  disease,  and, 
apart  from  fracture  of  the  petrous  portion  of  the  temporal  bone,  is 
Ukely  to  be  due  to  sypliilis,  particularly  if  it  be  bilateral.  When 
paralysis  sets  in  with  an  opposite  hemiplegia  and  other  evidence  of 
cerebral  disease,  the  lesion  can  be  referred  with  confidence  to  the 
pons.  A  hemiplegia  due  to  a  lesion  in  the  cortical  motor  area 
furnishes  much  the  same  symptoms,  except  that  the  paralysis  is  on 
the  same  side.  Owing  to  the  close  relations  of  the  nuclear  centres 
for  the  sixth  and  seventh  nerves  we  often  have  facial  and  abducens 
paralysis  occurring  together.  When  these  are  associated  with  a 
crossed  hemiplegia  the  lesion  is  in  the  pons. 

Paralysis  of  the  Fourth  Nerve  alone  is  a  very  rare  occurrence  in 
cerebral  disease;  when  associated  with  paralysis  of  other  oculo- 
motor nerves  it  is  practically  impossible  to  separate  it  as  a  localizing 
sign.  In  the  former  case  it  is  the  result  of  a  basal  lesion;  when  it 
sets  in  with  third  nerve  paralysis  it  indicates  a  lesion  of  the  peduncle. 

As  Prevost  has  pointed  out,  and  as  we  have  just  seen,  in  conjugate 
deviation  of  the  globe  due  to  paralysis  of  the  associated  muscles  the 
eyes  are  turned  toward  the  side  upon  which  the  central  lesion  is 
.  situated. 

Spasm  of  Accommodation.  The  constant  demands  made  upon  the 
ciliary  muscle  and  the  habit  so  engendered  are  such  that,  in  young 
persons  especially,  relaxation  of  the  muscular  contractions  does  not 
always  take  place,  so  that  the  true  state  of  the  refraction  is  masked. 
If  the  patient  be  hyperopic,  he  may  appear  emmetropic  or  myopic;  if 
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emmetropic  myopic,  and  if  myopic  the  myopia  may  seem  to  be  greater 
than  it  really  is.  This  fact  furnishes  the  reason  why  a  patient  may 
present  perfect  distant  vision  as  measm-ed  by  test-types,  and  yet 
have  a  fairly  high  degree  of  hyperopia  or  astigmatism,  or  both.  In 
other  cases  the  spasm  is  so  marked  that  a  hyperope  may  have  greatly 
diminished  distant  vision  and  appear  to  be  myopic  three,  fom-  or 
five  dioptres.  Concave  lenses  may,  in  such  instances,  be  accepted 
and  apparently  restore  the  lost  vision  for  a  time,  but  visual  acts  will 
be  painful,  and  all  the  other  signs  of  eyestrain  (headache  especially) 
are  Ukely  to  be  present.  The  occurrence  of  accommodative  spasm 
teaches  us  the  need  of  paralyzing  the  ciliary  muscle  with  atropine, 
or  some  other  cycloplegic,  before  measuring  the  refraction;  other- 
wise we  cannot  be  certain  of  the  condition  we  have  to  deal  with, 
unless  the  patient  be  past  forty  years  of  age.  Moreover,  it  is  wise 
to  assist  in  breaking  off  the  spastic  habit  by  ordering  the  patient 
to  wear  the  glasses  before  the  effects  of  the  cycloplegic  have  passed 
away. 

Spasmodic  or  Spastic  Heterophoria.  Just  as  spasm  of  the  accommo- 
dation occasionally  arises  from  strain  of  the  ciliary  muscle,  so  may  we 
have  overaction  and  cramp  of  the  straight  muscles.  In  their  efforts 
to  overcome  a  muscular  imbalance  some  particular  muscle  may  be  so 
stimulated  to  overwork  that  the  real  nature  of  the  heterophoria  is 
completely  masked.  This  is  the  reason  why  a  complete  correction 
of  the  refractive  error  should  be  made,  preceded  or  followed  by  mus- 
cular rest,  before  dealing  with  the  heterophoric  defect.  It  often  hap- 
pens that  an  apparent  heterophoria  disappears  and  the  patient  is 
made  comfortable  after  glasses  are  ordered.  The  relief  afforded  the 
ciliary  muscle  is  reflected  upon  the  tasks  of  the  orbital  muscles.  For 
example,  an  apparent  esophoria  for  near  may  become  an.  orthophoria 
to  tests  when  convex  working-glasses  are  employed ;  or  a  right  hyper- 
phoria may  dissolve  into  a  left-sided  vertical  defect  after  the  use  of 
prisms,  or  of  lenses  correcting  the  ametropia,  or  from  the  employ- 
ment of  both. 

Certain  forms  of  manifest  hypoexophoria  and  hypoesophoria  are 
either  pure  hyperphorias  or  pure  horizontal  deflections,  the  impulse 
for  binocular  vision  so  affecting  the  related  muscles  that  they  come 
to  the  aid  of  the  defective  ones  and  bear  most  of  the  burden.  It 
behooves  the  surgeon,  therefore,  to  make  a  number  of  tests  at  hiter- 
vals  before  deciding  in  doubtful  cases,  and,  if  possible,  to  keep  the 
patient  for  a  week  or  more  under  the  influence  of  a  cycloplegic. 
When  persistent  contraction  of  a  muscle  has  lasted  for  months  or 
years  a  form  of  tonic  cramp  arises  that  may  require,  in  addition  to 
these  measures,  tenotomy  of  its  tendon  with  or  without  shortening 
or  advancement  of  the  opposing  muscle. 

Operations  on  the  Eye  Muscles.  When  milder  means  are  found 
insufficient  to  restore  binocular  fixation  or  to  relieve  spastic  strain, 
operative  interference  is  indicated  in  most  cases.    The  chief  point 
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to  be  borne  in  mind  is  the  need  of  conserving  the  rotating  force  of 
the  ocular  muscles.    It  is  consequently  better  for  the  future  of  the 
patient  to  strengthen  a  weak  muscle  in  our  attempts  to  bring  about 
the  necessary  balance  of  power  than  to  accomplish  it  by  reducing 
the  effectiveness  of  the  stronger  muscle,  even  if  we  know  that  its 
overaction  is  due  to  spasm.    The  kind  of  operation  suited  to  the  case 
in  hand  is  important,  and,  although  it  is  not  possible  to  formulate 
precise  rules  for  every  contingency,  the  following  aphorisms  may  be 
of  value:    1.  A  simple  tenotomy  of  any  one  adductor  or  abductor 
muscle  alone  is  rarely  useful  and  seldom  required;  as  a  rule,  rest 
under  a  cycloplegic  combined  with  a  full  correction  of  refractive  errors 
will  relieve  the  s'pasm  of  a  single  muscle,  and  so  avoid  the  necessity 
for  a  solitary  tenotomy.    2.  Tenotomy  of  a  single  sursumductor  alone 
is  frequently  of  value.    3.  Advancement  or  shortening  of  a  tendon, 
with  or  without  tenotomy  of  the  chief  opposing  muscle,  should  be 
done  in  most  cases  of  abnormal  deviation  in  the  horizontal  plane. 
4.  Where  advancement  (or  tendon-shortening)  on  one  side  is  insuf- 
ficient to  correct  the  error  the  same  operation  on  the  other  eye  is 
preferable  to  tenotomy.    5.  When  possible,  operations  should  be 
done  under  a  local  anaesthetic,  and  that  method  chosen  in  which  pro- 
vision is  made  for  increasing  or  diminishing  the  operative  effect  both 
during  and  after  the  operation.    6.  The  probable  effect  of  the  opera- 
tion should  be  tested  (red  glass,  cover  test)  during  its  progress. 
7.  Whether  an  overcorrection  or  a  partial  correction  of  the  deflection 
is  preferable  will  largely  depend  upon  the  refractive  condition  and 
the  occupation  of  the  patient.    8.  The  more  the  capsular  attach- 
ments, check  ligaments,  and  muscular  fibres  are  disturbed  or  in- 
cluded in  the  tenotomy  or  advancement,  the  greater  will  be  the  effect 
upon  the  rotation  of  the  globe. 

Duane  lays  down  the  following  rules,  that  differ  in  some  respects 
from  the  foregoing:  (a)  In  convergent  squint  due  to  overaction  of  one 
or  both  interni,  tenotomy  of  one  or  both  interni;  when  due  to  weak 
externi,  advancement  of  one  or  both  interni,  with  tenotomy  of  the 
latter;  (6)  in  exophoria  due  to  overaction  of  one  or  both  interni, 
tenotomy  of  the  externi;  when  due  to  insufficiency  or  paresis  of  one 
or  both  interni,  advancement  of  the  latter,  combined,  if  necessary, 
with  tenotomy  of  the  externi;   (c)  in  non-comitant  hyperphoria 
(where  the  angle  of  the  two  visual  lines  constantly  varies)  due  to 
weakness  of  the  superior  or  inferior  rectus,  advancement  of  the  weak 
muscle;  when  due  to  overaction  of  the  superior  or  inferior  rectus, 
tenotomy  of  the  overacting  muscle;  when  due  to  insufficiency  or 
paresis  of  the  superior  oblique,  tenotomy  of  the  inferior  rectus  of  the 
other  eye;  when  due  to  overaction  of  the  superior  oblique,  advance- 
ment of  the  inferior  rectus  of  the  other  eye ;  when  due  to  weakness  of 
the  inferior  oblique,  tenotomy  of  the  superior  rectus  of  the  other  eye; 
and  when  due  to  overaction  of  the  inferior  oblique,  advancement  of 
the  superior  rectus  of  the  other  eye.    When  the  deflection  of  the 
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non-fixing  eye  has  constant  relation  to  the  fixing  eye  (comitant  hyper- 
phoria) the  best  remedy  is  generally  tenotomy  of  the  superior  rectus 
01  the  higher  eye/ 

Every  operation  on  the  eye  muscJes  should  be  done  under  aseptic 
conditions.  A  2  per  cent,  holocaine  solution  or  cocaine  (4  per 
cent.)  IS  the  ideal  local  aniesthetic,  wiiile  adrenalin  (1 : 1000)  or  some 
other  suprarenal  capsule  preparation  will  give  an  almost  bloodless 
field  of  operation.  It  is  as  yet  undecided  whether  these  "agents 
favor  a  post-operative  hemorrhage  that  may  interfere  with  the 
success  of  the  operation. 

Tenotomy.  A  speculum  (or  two  lid  retractors  held  by  the  assist- 
ant) is  inserted  and  a  fold  of  conjunctiva  and  capsule  immediately 
over  the  central  insertion  of  the  muscle  ■firmly  grasped  by  fixation 
forceps  haying  at  least  four  teeth.  The  underlying  structures  are  now 
drawn  slightly  away  from  the  globe  and  an  incision  is  made  with  the 
^ ''^''^  observed  not  to  cut  through  the  tendon 

itself.^   bufhcient  space  should  be  given  to  enable  the  surgeon  to  pass  a 
strabismus  hook  above  or  below  the  exposed  tendon,  so  that  its  point 
presents  at  the  opposite  border.    A  snip  of  the  scissors,  one  blade  of 
which  is  also  passed  beneath  the  muscle,  now  severs  the  tendon  as  near 
its  insertion  as  possible.  If  he  prefers  it,  the  operator  may  proceed 
for  partial  tenotomy  (making  a  "  button-hole  "  or  entirely  centfal 
opening  in  the  tendon)  and  complete  the  central  incision  toward 
each  margm._  If,  on  testing,  the  first  result  is  deemed  insufficient 
the  wound  in  the  capsule  and  conjunctiva  is  enlarged  and  the 
supplementary  fibres  on  both  sides  of  the  tendon  are  carefully  and 
gradually  divided  on  the  hook,  several  deviation  tests  being  mean- 
time made.    As  a  rule,  5  to  10  prism  degrees  of  deviation  (or  less) 
are  obtained  by  a  simple  tenotomy  where  the  retaining  lateral 
fibres  are  undisturbed.    If  the  capsular  attachments  and  check  lio-a- 
ments  are  undermined  and  divided,  a  greater  (and  unknown)  eff-ect 
tollows  even  to  marked  hmitation  of  the  excursions  produced  by  the 
muscle  operated  on.    It  is  not  necessary  to  suture  the  wound.  The 
after-treatment  consists  of  cold  appHcations  every  two  or  three  houi-s 
followed  by  a  simple  collyrium,  such  as  two  grammes  each  of  boric  acid 
and  borax  in  100  grammes  of  a  1 : 10,000  solution  of  mercuric  chloride 
If,  not  later  than  forty-eight  hours  after  the  operation,  an  overcor- 
rection be  found,  a  suture  including  the  cut  end  of  the  muscle,  Tenon's 
capsule,  and  the  conjunctiva,  should  be  so  placed  that  the  over-defect 
is  remedied.    If  excessive  bleeding  occur,  it  is  better  to  postpone  the 
operation,  chiefly  because  it  is  then  difficult  to  estimate  the  final  effect 
of  the  tenotomy.    Bandages  are  objectionable  since  they  prevent  the 
use  of  the  eyes  in  binocular  fixation— an  exercise  that  should  begin 
immediately  after  the  operation. 

Advancement.  The  tendinous  insertion  may  be  brought  forward 
with  or  without  resection  of  a  portion  of  the  tendon  itself,  or  the  latter 

1  American  Text-book  of  Diseases  of  the  Eye,  1899,  pp.  521-522. 
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Fig.  91. 


may  be  shortened  by  making  in  it  a  "tuck"  or  "knuckle."  Of 
the  numerous  operations  for  simjDle  advancement,  the  writer  has  for 
many  years  been  satisfied  with  a  modification  of  the  well-known 
operation  of  Schweigger,  combined  with  the  Black  method  of  tying 
the  sutures.  It  is  usually  done  under  a  general  ansesthetic.  A  full 
curved  needle  is  threaded  with  No.  3  iron-dyed  silk,  bringing  the  ends 
of  thread  together  and  tying  them  in  a  small  hard  knot,  or  both  ends 
of  the  thread  may  be  passed  through  the  eye 
of  the  needle  at  the  same  time,  leaving  the 
end  of  the  suture  in  the  form  of  a  loop,  in- 
stead of  a  knot.  The  needle  is  now  passed 
through  the  conjunctiva,  taking  a  good  bite 
into  the  sclera  close  to  the  cornea,  as  indi- 
cated in  Fig.  93. 

After  the  thread  is  pulled  about  half-way, 
the  needle  is  passed  through  between  the 
threads  on  the  other  side  of  its  entrance 
into  the  sclera,  and  then  drawn  home,  thus 
affording  a  firm  point  of  fixation.  A  similar 
suture  is  fixed  in  the  same  manner  upon  the 

opposite  side  of  the  cornea.     The  COnjunC-      Advancement  of  a  muscle.  Ex- 

tiva  and  Tenon's  capsule  are  now  well  divided  aMKEBES^ 
over  the  muscle,  the  latter  being  thoroughly 

exposed  and  well  cleaned  of  connective  tissue.  Two  strabismus  hooks 
are  passed  underneath  the  muscle  (one  from  each  side),  or  an  advance- 
ment forceps  (Prince's  or  Clark's)  is  made  to  grasp  the  muscular  body, 
so  as  to  hold  it  steady  and  away  from  its  bed.  The  sutures  are 
now  passed  through  the  muscle  from  below  upward  as  far  back 


Fig.  92. 


Prince's  advancement  forceps. 

as  is  beheved  necessary,  and  pulled  about  half-way  home.  The 
muscle,  still  held  with  the  hook  or  forceps,  is  now  cut  off  just  in  front 
of  the  entrance  of  the  sutures.  The  piece  of  tendon  attached  to  the 
globe  is  grasped  and  cleanly  dissected  out. 

The  sutures  are  now  pulled  home,  and  both  grasped  between  thumb 
and  finger,  while  the  globe  is  fixed  with  forceps  on  the  nasal  side  of 
the  cornea  and  turned  outward  (in  operating  on  the  external  rectus), 
while  the  muscle  is  advanced  to  the  desired  position.  The  stitches 
are  now  tied  in  a  surgeon's  knot  over  the  muscle,  as  indicated  in 
Fig.  94.  The  original  opening  in  the  mucous  membrane  is  stitched 
together  by  fine  sutures.  There  may  be  some  reaction  follo\^dng  this 
operation,  requiring  the  frequent  application  of  hot  fomentations,  but 
if  proper  precautions  have  been  taken  this  is  unusual. 
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One  of  the  most  effective  methods  of  shortening  the  muscle,  by  taking 
a  "tuck"  in  its  tendon,  is  comprised  in  an  advancement  operation 
devised  in  part  by  Frank  C.  Todd.  Supposing  tlie  internal  rectus  to 
be  operated  on,  a  flap  of  conjunctiva  and  Tenon's  capsule  is  dissected 

up  and  turned  back,  so  as  to  freely 
expose  the  tendon.  (Figs.  96  and  97.) 
The  upper  and  crossed  prong  of  the 
"tucker"  is  inserted  beneath  the  ten- 
don and  the  arms  of  the  instrument 
separated  by  the  screw-nut  to  produce 
the  desired  effect,  as  shown  in  Fi^.  95. 
Catgut  sutures  are  passed  above  and 
below,  through  the  three  layers  of  ten- 
don and  tied,  as  m  P'^ig.  98;  two  double- 
threaded  black-silk  sutures  are  passed 
(one  above  and  one  below)  through  the 
loop  in  the  tendon,  thence  through  the 
conjunctival  flaps  and  episcleral  tissue 
on  either  side  of  the  cornea  to  close  the  wound,  and  act  as  guy-ropes 
while  the  healing  process  goes  on. 

Nystagmus.  This  symptom  consists  of  involuntary  movements  of 
the  globe,  either  rotary,  from  side  to  side  (horizontal  nystagmus),  up 


Advancemeat  of  a  muscle.  Introduction 
of  sutures.   (HA.N.<«gi.L  and  Rebbr.) 


Fio.  94. 


First  step. 


Second  stei'. 


Third  step.  Final  stage. 

Introduction  of  sutures  in  advancement  operations.  (Black.) 


and  down  (vertical),  or  a  combination  of  these  excursions.  The  sec- 
ond is  the  commonest  variety,  and  it  is  often  found  in  those  born  with 
defective  sight — e.  g.,  in  albinos,  in  coloboma  of  the  choroid,  and  in 
other  developmental  anomalies  of  the  visual  apparatus.  These  patients 
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are  unconscious  of  the  oscillation  of  the  globe,  and  do  not  complain 
of  it  as  such.  That  this  peculiar  condition  may  be  hereditary  is  well 
shown  by  many  observers.  The  writer'  reported  a  family  of  twenty- 
three  children  and  grandchildren  descended  from  a  pronounced 
blonde  male  ancestor,  with  perfectly  healthy  eyes  and  nervous  system, 
and  a  decided  brunette  with  myopia  and  congenital  nystagmus.  Two 
•descendants  only  were  brunettes;  they  were  the  subjects  of  marked 
congenital  nystagmus,  while  the  other  twenty-one  had  healthy  eyes. 
From  these  and  other  considerations  it  seems  justifiable  to  assume 
that  there  is  some  fault  of  the  co-ordinating  centres  in  most  of  the 


Fig.  95.  Fig.  96. 


Fig.  95.— Instrument  for  placing  a  "  tucli,"  in  muscle-shortening.  (Todd.) 
Fig.  96.— Muscle-shortening  with  the  Todd  "  tucker."   First  stage. 


congenital  cases.  While  visual  defects  are  frequently  present,  yet 
not  everyone  with  congenital  visual  anomalies  has  nystagmus,  and, 
in  some  instances,  the  eyes,  apart  from  the  irregular  globar  excur- 
sions, are  practically  normal. 

Acquired  nystagmus  is  present  in  50  per  cent,  of  ^  all  cases  of 
sclerosis  in  patches,  and  it  is  also  noticed  occasionally  in  those  who 
work  in  abnormal  or  strained  attitudes.  A  well-known  example  of , 
the  acquired  variety  is  "  miner's  nystagmus."  Here,  to  the  unnatural 
positions  these  workers  are  obliged  to  assume  for  hours  at  a  time,  is 
mlded  insufficient  light;  the  ocular  centres  of  co-ordination  are  not 


'  North  American  Practitioner,  April,  1892, 


190 


THE  EYE. 


properly  stimulated,  owing  to  a  lack  of  definite  retinal  images  and 
the  unwonted  stram  on  the  oblique  muscles  in  particular  ends  in 
irregular  movements  of  the  globe.  We  thus  have  to  deal  with  a 
professional  inco-ordination  of  a  class  akin  to  writer's  cramp  the 
individual  so  affected  being  both  conscious  of  and  annoyed  by  the 
trouble._  Later  on,  his  nervous  system  adapts  itself  to  the  situation 
just  as  in  the  case  of  congemtal  nystagmics.  The  treatment  of  the 
congemtal  variety  is  to  unprove  the  vision,  if  possible,  and  to  correct 


Fig.  97. 


Fig.  98. 


Muscle-shortening  with  the  "  tucker.' 

stage. 


Second 


Third  stage. 

muscular  errors.  If  this  can  be 
done,  improvement  often  follows. 
The  nystagmic  patient  usually 
holds  his  head  in  a  peculiar  posi- 
tion while  fixing  for  both  distance 
and  near;  he  should  be  allowed 
to  continue  this  practice  (unless 
it  be  due  to  imbalance  of  his 
muscles),  as  he  often  succeeds 
thereby  in  stead3ang  the  oscil- 
lating eyeballs.  Patients  with  ac- 
quired nystagmus  should  abandon 
,  .  their  injurious  occupation,  and 

give  their  eyes  prolonged  rest,  correcting-glasses  being  ordered  for 
distant  fixation.  A  cm-e  generally  follows  if  hygienic  measures  are 
early  applied. 

Exercise  of  the  Weak  Eye  and  the  Use  of  the  Stereoscope  in 
Heterotropia.  Still  less  than  formerly  is  the  ophthalmic  surgeon 
content  with  merely  "straightening"  the  crossed  eyes  of  his  patients. 
As  we  have  seen,  loss  of  binocular  vision  is  involved  in  all  cases  of 
squint  and  in  some  classes  of  heterophoria.  We  have,  consequently, 
not  done  our  full  duty  until  we  have  made  every  effort  to  restore 
or  to  enable  the  patient  to  acquire  the  capacity  for  seeing  with  both 
eyes  together. 

In  quite  a  few  examples  of  strabismus  this  desirable  result  is  neces- 
sarily impossible.  The  squinting  eye  may  be  congenitally  defective 
to  a  degree  incapable  of  vision  with  the  fellow  eye,  or  there  may  be 
an  unconquerable  aversion  to  binocular  sight  upon  the  part  of  one 
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or  both  eyes,  the  nature  of  which  we  do  not  know,  except  that  it 
probably  predicates  a  lack  of  development  in  some  one  or  other  of 
the  central  neurons  implicated  in  the  visual  act.  Again,  binocular 
single  vision  may  be  unobtainable  on  account  of  incurable  lesions 
(corneal  nebulae,  intra-ocular  disease)  of  the  strabismic  eye,  whereby 
sight  is  permanently  lowered,  although  it  may  be  good  in  the  fixing  eye. 

Fortunately  it  happens  that  in  a  majority  of  instances  binocular 
vision  is  to  a  greater  or  less  extent  possible  after  the  relief  of  strabis- 
mus. Moreover,  the  eyes  that  acquire  stereoscopic  or  single  vision 
are  usually  those  whose  excursions  in  all  directions  are  normal  and 
remain  normal.  The  ideal  result,  then,  from  the  surgeon's  stand- 
point differs  from  that  of  the  patient  in  that,  while  the  latter  is  alone 
interested  in  the  cosmetic  appearance,  the  former  is  concerned  in  the 
question  as  to  whether  the  hitherto  useless  eye  can  be  made  to  take 
part  in  the  fimction  of  sight.  The  old  device  of  covering  the  better 
eye,  so  that  the  weak  (or  squinting)  organ  may  be  exercised  and 
strengthened,  is  helpful  before  operation,  or  as  adjunct  to  other 
treatment,  if  carried  out  regularly,  say,  for  half  an  hour  at  a  time, 
three  or  four  times  daily.  With  a  little  patience,  children  of  tender 
years  can  be  induced  to  wear  a  light  bandage  over  the  amblyopic  eye, 
and  use  it,  even  while  at  play,  to  great  advantage.  As  it  is  highly 
desirable  to  begin  the  treatment  of  infantile  strabismus  at  as  early 
a  period  as  possible  this  plan  should  be  carried  out,  in  conjunction 
with  the  periodic  use  of  atropine  and  tinted  glasses  as  soon  as  the 
child  begins  to  walk.  A  single  drop  of  a  ^  per  cent,  solution  of  atropine 
instilled  into  each  eye  three  times  daily  for  the  first  few  days  of  each 
month  certainly  helps  to  relieve  the  early  spasm  of  the  interni  and 
cil  ary  muscles  and  to  check  a  convergent  squint. 

In  quite  another  fashion  do  we  endeavor  to  force  the  two  eyes  to 
functionate  as  far  as  possible  in  unison  after  the  employment  of 
means  (glasses,  atropine,  operation,  etc.)  to  correct  the  strabismus 
proper.  The  best  means  is  the  employment  of  the  stereoscope. 
Landolt,  Worth,  and  others  have  invented  various  improved  instru- 
ments, and  while  these  are  of  advantage,  especially  in  private  prac- 
tice, none  is  absolutely  necessary.  The  ordinary  stereoscope  is  pro- 
vided with  a  card  on  which  are  drawn  or  printed  pictures — two  such 
dissimilar  objects  as  a  square  and  a  circle  will  do  very  well — one  oppo- 
site each  eyehole.  The  patient  exercises  for  a  few  seconds,  first  of  all, 
the  defective  eye  alone,  and  then,  uncovering  the  sound  eye,  looks  at 
both  objects  through  the  instrument,  endeavoring  to  see  them  singly 
if  possible.  At  first  it  is  well,  as  Landolt  suggests,  to  weaken  by 
means  of  lenses  the  vision  of  the  better  eye,  and  so  further  encourage 
the  defective  organ.  Such  exercises  should  be  employed  immediately 
after  operation,  and  ought  to  be  continued  several  times  daily  for 
weeks  or  months.  They  should  also  be  supplemented  by  the  exercise 
of  single  vision  in  the  distance.  A  red  glass  is  placed  before  the 
better' eye  while  the  patient  attempts  to  fuse  the  red  and  white 
images  of  a  candle  placed  6  m.  away. 
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DISEASES  OF  THE  ORBIT,  LACRYMAL  APPARATUS, 

Am  LIDS. 

By  R.  A.  REEVE,  M.D. 
THE  ORBIT. 

Anatomy.  The  human  orbit  consists  of  two  cone-shaped  cavities, 
about  one  and  three-quarters  inches  deep,  which  sHghtly  converge 
toward  one  another,  as  may  be  seen  by  the  accompanying  figui-e. 
(Fig.  99.)  Each  orbit  is  composed  of  a  number  of  bones — i.  e.,  the 
frontal,  the  superior  maxillary,  the  malar,  the  palate,  the  lacrymal, 
the  sphenoid,  and  the  ethmoid. 

By  reason  of  the  organ  which  it  contains,  as  well  as  the  close  con- 
nection which  it  has  by  means  of  its  thin  walls  and  its  foramina  with 
the  cranium,  the  ethmoidal,  the  sphenoidal  and  frontal  sinuses,  and 
the  antrum  of  Highmore,  the  orbit  may  well  be  regarded  as  one  of 
the  most  important  cavities  of  the  body. 

The  posterior  portion  or  apex  of  the  orbit  contains  three  important 
apertures:  the  optic  foramen,  for  the  transmission  of  the  optic  nerve 
and  the  ophthalmic  artery,  the  superior  orbital  fissure,  through  which 
pass  the  nerves  which  supply  the  muscles  of  the  eye,  and  the  first 
branch  of  the  trigeminus,  and  the  inferior  orbital  fissure.  The  second 
branch  of  the  trigeminus  passes  through  tliis  opening. 

The  supra-orbital  notch  is  found  at  the  upper  inner  angle  for  the 
transmission  of  the  supra-orbital  artery  and  nerve,  while  a  canal  just 
below  the  inferior  rim  of  the  orbit  contains  the  artery  and  nerve  of 
the  same  name. 

The  orbit  is  relatively  large  in  children,  Merkel  being  authority 
for  the  statement  that  at  five  years  of  age  the  base  of  the  orbit  lacks 
only  2  nun.  or  3  mm.  of  its  adult  height,  which  it  gains  usually  m 
the  next  two  years.  Its  full  breadth  is  not  attained,  however, 
until  somewhat  later.  The  periosteum  covers  the  walls  of  the 
orbit,  and  the  fissures  are  closed  in  by  membrane.  The  orbit  con- 
tains the  eyeball  and  its  attached  muscles,  the  optic  nerve,  the 
vessels  and  nerves,  and  the  lacrymal  gland.  In  addition  to  these 
structures  there  is  a  cushion  of  fat  which  fills  in  the  interstices  be- 
tween them,  and  a  dense  fascia  which  connects  all  the  parts  and  is 
expanded  along  the  walls  of  the  orbit,  upon  the  ocular  muscles,  and, 
finally,  upon  the  eyeball  itself. 

For  the  protection  of  the  eye  against  injury,  the  orbit  is  bounded 
superiorly  by  the  eyebrows,  externally  and  interiorly  by  a  strong  rim, 

(  192  ) 
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and  internally  by  the  nose.  The  eyebrows  vary  in  texture,  direction, 
and  size  in  different  individuals,  but  as  a  rule  they  are  coarser  and 
more  marked  in  men  than  in  women. 

The  fissure  which  is  made  by  the  opening  of  the  lids,  the  so-called 
palpebral  fissure,  is  oval,  averaging  from  25  to  30  mm.  in  length, 
and  from  12  to  14  mm.  in  breadth.    If  the  eyeball  be  protruded,, 


Fig.  99. 


Antero-lateml  region  of  the  skull.  (Cryeb.) 


exophthalmos,  the  fissure  widens;  if  it  recedes,  enophthalmos,  the 
fissure  is  narrowed. 

Exophthalmos  results  from  an  increase  in  the  volume  of  the  con- 
tents of  the  orbit,  as  in  hemorrhage,  cellulitis,  or  neoplasms  of  the 
orbit;  it  may  be  occasioned  by  a  lack  of  tone  in  the  recti  muscles, 
or  after  paralysis,  or  it  may  be  a  symptom  of  Graves'  disease  or 
exophthalmic  goitre.    (See  page  208.) 
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Enophthalmos.  Recession  of  the  eyeball  occurs  after  injuries  in 
which  cicatricial  contraction  of  the  orbital  tissues  has  followed,  or 
atrophy  ensued,  from  nerve  lesions,  and  in  cases  of  fracture  with 
displacement  of  the  floor  of  the  orbit  (Lang) ;  when  the  orbital  con- 
tents have  been  reduced  in  the  course  of  operations  or  in  cholera 
(from  excessive  drainage),  and  in  marasmus;  also  in  paralysis  of  the 
S5anpathetic  involving  Miiller's  lid-muscle;  after  the  spontaneous 
subsidence  of  pulsatmg  exophthalmos  (Bronner),  and  in  the  neurotic 
atrophy  of  the  face. 

Enophthalmos  also  occurs  in  a  class  of  cases  recently  worked  out 
by  Tuerk  and  by  Wolff,  in  which  there  are  congenital  shortness,  fixity, 
and  inaction  of  the  external  rectus  of  one  or  other  side,  from  "par- 
alysis" (really  aplasia).  The  normal  tonic  contraction  of  the  internal 
rectus  draws  the  eye  slightly  backward,  and  causes  narrowing  of  the 
palpebral  fissure,  owing  to  loss  by  the  lids  of  the  usual  support  of 
the  globe.  In  attempted  adduction  the  retraction  is  more  marked 
and  the  fissure  narrower,  and  the  globe  is  apt  to  be  turned  up  or 
down.  Treacher  Collins  says  the  tonic  contraction  of  the  orbital 
muscles  (which  are  congenitally  short)  is  not  compensated,  owing  to 
the  absence  or  insertion  too  far  back  of  the  check  ligaments;  hence 
the  enophthalmos. 


Diseases  of  the  Orbit. 

Cellulitis.  This  may  be  of  a  mild  type,  and  soon  abate,  but  much 
more  often  it  is  severe  or  phlegmonous,  and  ends  in  suppuration 
(abscess).  The  early  symptoms  are  redness  and  swelling  of  the  lids 
and  chemosis  of  the  conjunctiva,  with  deep-seated  pain  and  some 
tenderness.  The  mobility  of  the  eye  may  be  impaired.  At  this 
point  resolution  may  begin  (first  group) ,  or  the  disease  may  be  arrested 
and  recovery  set  in;  but  in  the  usual  course  the  inflammation  goes 
on  steadily  and  rapidly,  the  temperature  rises,  and  the  pain  becomes 
intense.  As  early  as  the  third  or  fourth  day  the  greatly  swollen  lids 
may  be  distended  or  even  pushed  apart  by  the  highly  engorged  and 
chemotic  eyeball,  which  is  now  quite  prominent  and  immobile. 
The  lids  become  brawny,  and  soon  there  is  indication  of  pointing, 
and  spontaneous  evacuation  of  pus  may  occur.  The  vision  may 
remain  good,  or  it  may  become  defective,  owing  to  optic  neuritis, 
etc.  The  degree  of  stretching  of  the  optic  nerve  from  proptosis  (for- 
ward displacement),  compatible  with  normal  vision,  is  often  a  matter 
of  surprise. 

Etiology.  Cellulitis  may  be  caused  by  exposure,  cold,  etc. ;  trauma, 
blows,  penetrating  womids,  especially  with  septic  invasion,  lodge- 
ment of  foreign  bodies;  lacrymal  cystitis,  erysipelas,  anthrax,  etc.; 
septic  emboli  of  the  orbital  veins,  as  in  pyaemia,  metria,  etc. ;  periostitis 
and  osteitis  of  one  or  other  wall,  as  in  sinusitis  of  the  ethmoid,  frontal, 
or  antrum,  and  suppurative  periodontitis;  metastasis,  in  which  the 
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pneumococcus  is  the  active  agent;  also  septic  phlebitis  and  thrombus 
in  thrombosis  of  the  cavernous  sinus.  There  are  at  times  points 
which  aid  in  the  diagnosis,  e.  g.,  if  in  a  case  of  purulent  rhinitis  (in- 
fluenza, la  grippe),  with  ensuing  oedema,  mainly  of  the  inner  end  of 
the  lid,  chemosis  and  impaired  adduction,  acute  cellulitis  should  de- 
velop, it  might  fairly  be  ascribed  to  ethmoiditis,  which  would  cause 
an  exudation  on  the  inner  orbital  wall  that  would  cripple  the  internal 
rectus.  So  if  the  lower  lid  became  first  affected,  the  eye  being  pushed 
up  and  rotation  down  restricted,  disease  of  the  antrum  would  be 
suspected.  If  the  cellulitis  is  symmetrical  (double),  or  that  of  the 
second  eye  follows  after  a  short  interval,  a  diagnosis  of  thrombosis  of 
the  cavernous  sinuses,  likely  septic,  would  be  warranted. 

Treatment.  If  the  case  is  seen  early,  the  ice-bag  or  iced  compresses 
should  be  ordered,  with  local  depletion  by  leeches  or  wet-cups  at 
temple;  if  the  leeches  are  applied  at  the  inner  canthus,  the  bleeding 
is  more  effective.  The  patient  should  be  put  to  bed;  small  doses 
of  calomel  with  anodynes  and  salines  may  be  given,  and  any  faulty 
condition  of  the  nasal  passages  attended  to.  If  relief  is  not  had,  the 
hot  fomentations  should  be  substituted.  And  if  there  is  reason  to 
suspect  the  formation  of  pus,  or  the  eye  itself  is  suffering,  deep  inci- 
sions should  be  made,  preferably  through  the  conjunctiva,  but  if 
the  lid  cannot  be  pressed  back,  then  directly  through  the  lid.  Great 
care  must  be  taken  to  avoid  the  globe,  the  point  of  the  long,  narrow 
scalpel  or  linear  cataract  knife  being  pushed  slowly  in  and  deeply 
along  one  or  other  bony  wall  of  the  orbit.  The  adult  orbit  is  one  and 
three-quarters  inches  in  depth,  and,  as  pus  sometimes  forms  near  the 
apex,  the  knife  should  go  deeply  if  needful.  If  pus  does  not  escape, 
a  second  or  even  third  exploratory  puncture  should  be  made  at  other 
points.  The  wounds  should  be  kept  open  by  tents,  and  if  pus  pre- 
sents, syringing  should  be  practised  daily  with  1:  3000  solution  of 
perchloride,  or  1 :  40  carbolic  acid,  etc.  Where  empyema  of  the  eth- 
moid is  found,  it  is  desirable,  in  some  cases  at  least,  to  open  a  passage 
by  means  of  a  strong  probe  or  trocar  into  the  nasal  fossa  through 
the  ethmoid,  drawing  the  drainage-tube  through  by  means  of  a  thread 
attached  to  the  eye  of  a  probe.  In  this  way  more  effective  irrigation 
of  the  parts  can  be  made.  Necrosed  or  carious  bone  will  require 
curetting,  and  any  disease  of  the  antrum,  frontal  sinus,  lacrymal  sac, 
etc.,  should  be  treated. 

Periostitis  and  Osteitis.  These  may  be  acute  or  chronic.  The 
acute  form  may  be  caused  by  extension  of  inflammation  from  adja- 
cent parts,  most  often  the  ethmoidal  or  frontal  sinuses,  the  signs  indi- 
cating the  probable  point  of  origin;  also  by  blows,  foreign  bodies,  etc., 
the  point  of  impact  determining  the  site,  generally  in  the  region  of 
the  orbital  border.  Slight  injuries  may  be  effective  in  young  scrofu- 
lous subjects,  in  whom  osteoperiostitis  may  also  appear  to  be  idio- 
pathic. Syphilis  may  set  up  an  acute  localized  periostitis,  and  cellu- 
litis may  also  cause  it.  Acute  periostitis  and  osteitis  may  end  in 
resolution,  but  more  often  suppuration  (abscess)  develops,  or  they 
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become  chronic.    Chronic  periostitis  and  osteitis  rule,  due 

to  syphilis  (tertiary).  The  orbital  rim  is  the  most  common  seat  of 
the  at  first  ill-defined  doughy  tumors  (nodes)  attached  to  the  bone, 
which  are  attended  by  characteristic  nocturnal  pain  or  increase  of 
pain.  The  infiltration  and  pain  soon  yield  to  large  doses  of  potassium 
iodide.  Left  alone,  ulceration  and  caries  may  set  in,  causing  sinuses  in 
the  fascia  and  lids,  with  final  deformity  (ectropion,  entropion,  etc.). 
Nodes  may  also  undergo  eburnation,  either  from  chronic  periostitis 
(periostosis)  or  condensing  osteitis  with  hypertrophy  (exostosis).  A 
deep-seated  periostitis  now  and  then  occurs,  mostly  syphilitic  and 
tertiary,  which  causes  paralysis  of  the  orbital  muscles  by  involving 
the  third,  fourth,  or  sixth  nerve,  and  it  may  also  cause  exophthalmos, 
partly  hidden  by  the  ptosis.  When  at  the  apex  the  optic  nerve  may 
also  be  involved,  the  pressiu^e  or  neuritis  causing  amblyopia.  Peri- 
ostosis may  ensue,  and  in  this  event,  or  if  treatment  be  too  late  or 
inefiective,  there  will  likely  be  permanent  blindness  from  secondary 
atrophy  of  the  optic  nerve,  with  ptosis  and  other  paralysis.  Very 
rarely  periostitis  at  the  apex  with  some  cellulitis  and  pure  proptosis 
are  due  to  empyema,  etc.,  of  the  sphenoidal  sinus.  Secondary  am- 
blyopia and  contracted  field,  or  optic  neuritis,  atrophy,  and  blindness 
are  apt  to  occur,  and  may  be  double.  Pain  in  frontal,  temporal,  and 
occipital  regions,  variable  vision,  and  the  results  of  rhinoscopy  and 
ophthalmoscopy,  may  point  to  the  diagnosis.  In  periostitis  pressure 
on  some  part  of  the  orbital  rim  causes  much  pain,  and  the  cpdema 

of  the  lids  develops  less  regularly  than  in 
cellulitis  proper.  In  the  former,  signs  of  the 
disease  are  much  more  apt  to  be  localized, 
e.  g.,  one  lid  or  even  part  of  a  lid  may  be 
swollen,  etc.,  and  the  bone  only  tender  beneath 
it.  (Fig.  100.)  In  cellulitis  pressure  on  the 
globe  itself  is  apt  to  cause  deep  pain,  and 
palpation  just  within  the  bony  rim  shows  that 
the  parts  are  firm,  tense,  and  tender.  Very 
rarely  acute  diffuse  periostitis  occm's,  and  cell- 
reriostuis  of  orbital  margin.  uUtis  quickly  cusucs.  The  systemic  disturb- 
ance is  greater  than  in  acute  cellulitis,  and 
the  condition  is  nmch  more  grave.  As  suppuration  is  apt  to  occur 
rapidly,  with  added  risk  of  necrosis  and  burrowing  sinuses  if  abor- 
tive treatment  fail,  early  incision  to  the  bone  is  indicated,  and  several 
will  be  needed  in  the  diffuse  form. 

Periostitis  of  one  or  other  wall  of  the  orbit  which  stops  short  of 
exciting  acute  diffuse  cellulitis  is  not  imcommon.  In  chronic,  quiet 
ethmoiditis  with  purulent  discharge  from  the  nares,  osteitis  of  the  os 
planum,  and  secondary  periostitis  by  extension  on  the  orbital  side, 
the  cellulitis  and  exudation  may  be  limited,  the  cedema  being  mainly 
in  the  nasal  half  of  the  upper  lid,  with  impaired  adduction  and  prob- 
ably slight  displacement  of  the  eyeball  outward,  with  diplopia. 
In  the  same  way  periostitis  of  the  upper  orbital  border  may  follow 
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osteitis  of  the  floor  of  the  frontal  sinus  in  chronic  or  acute  sinusitis, 
with  secondary  oedema  of  only  the  upper  lid,  mainly  at  the  inner  half. 
Under  these  conditions  pressure  on  the  bony  rim  is  painful,  and  the 
eye  may  be  displaced  slightly  down  and  out.  If  the  antrum  is  the 
seat  of  the  primary  disease,  the  lower  margin  of  the  orbit  will  be  very 
tender,  and  oedema  mostly  of  the  lower  lid  will  develop,  movement  of 
the  eye  downward  being  restricted,  or  the  globe  may  be  tilted  up- 
ward. 

Treatment.  In  adults  local  depletion  by  leeches  or  wet-cups, 
the  ice-bag,  the  Leiter  coil,  or  compresses  wet  with  the  lead-and- 
spirit  lotion,  rest  in  bed;  in  rheumatic  cases  sodium  or  strontium 
salicylate  in  frequent  doses  with  or  followed  by  potassium  or  sodium 
iodide,  and  in  these  subjects  dry  heat  by  Japanese  hot-box  or  hot 
fomentations  may  be  more  comforting  than  cold;  in  secondary 
cases  a  short  active  course  of  mercury  by  inunction  or  internally, 
with  potass,  iodid.  in  ascending  doses,  and  in  those  at  the  tertiary 
stage  pot.  or  sod.  iodid.  in  doses  of  fifteen  grains,  thirty  grains,  to 
sixty  grains  every  four  hours.  If  signs  of  pus  show,  early  incision 
to  the  bone  is  indicated,  followed  by  a  course  of  gentle  syringing 
with  antiseptics,  e.  g.,  carbolic  acid  1  :  100  or  1  :  40,  hydrarg.  per- 
chlorid.  1  :  3000,  etc.  Syringing  should  be  kept  up  as  long  as  there 
is  any  purulent  discharge,  and  a  tent  or  tube  used  until  it  is  evident 
the  disease  is  spent.  In  so-called  scrofulous  cases  syr.  ferri  iodid. 
and  syr.  calcis  lacto-phosph.,  syr.  phosph.  (Parrish),  ol.  morrhuse, 
with  the  best  hygiene,  are  indicated.  In  case  of  osteoperiostitis 
where  there  has  been  spontaneous  opening  the  probe  should  be  used 
carefully  so  as  not  to  disturb  imduly  nature's  barriers  and  cause 
fiu"ther  complication.  All  rough  bone  is  not  necessarily  necrotic,  and 
time  should  be  given  for  necrosed  tissue  to  separate  and  the  carious 
surface  to  heal  over  before  one  actively  interferes.  Then,  if  needful, 
the  sinus  should  be  enlarged  by  sponge  tent  or  incision,  and  the 
curette,  gouge,  etc.,  used  secundem  artem. 

Tenonitis.  This  is,  as  a  rule,  a  mild  type  of  inflammation  of  the 
capsular  portion  of  the  orbital  fascia.  The  symptoms  are  chemosis 
and  exophthalmos,  which  may  be  slight;  pain  and  tenderness  on 
pressure,  with  impaired  mobility.  CEdema  of  the  lids  is  absent  in 
slight  cases,  and  is  not  a  marked  feature  of  any.  This  is  one  point 
in  diagnosis  between  tenonitis  and  cellulitis  proper — in  the  latter  the 
oedema  of  the  lids  is  marked.  The  chemosis  of  tenonitis  is  also  dis- 
tinct, and  at  times  decided,  and  is  always  out  of  proportion  to  the 
oedema.  The  reverse  is  the  case  in  cellulitis.  It  is  due  to  rheuma- 
tism and  gout,  mild  sepsis,  and  erysipelas,  and  always  follows 
panophthalmitis,  which  may  also  excite  cellulitis;  it  is  sometimes 
caused  by  injury  and,  now  and  then,  follows  tenotomy. 

Treatment.  In  the  tenonitis  of  rheumatic  or  gouty  origin  marked 
and  speedy  relief  follows  the  prompt  and  full  exhibition  of  sodium  (or 
strontium)  salicylate  with  or  without  colchicum;  potassium  or  sodium 
iodide,  and  lithia  being  given  at  the  same  time  or  later.  Pilocarpine 
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or  jaborandi  iii  dose  sufficient  to  cause  free  sweating,  daily  for  a 
few  times,  may  suffice  alone,  and  it  may  be  used  as  an  adjuvant  to 
hasten  recovery.  Topically,  the  lead-and-spirit  lotion  may  be  useful, 
and,  where  dry  heat  is  preferred,  the  Japanese  ''hot-box." 

Injuries,  Foreign  Bodies,  etc.    Foreign  bodies  most  often  enter 
between  the  globe  and  the  roof  or  the  inner  wall.    A  large  foreign 
body  may  enter  and  be  impacted  and  the  eye  escape.    Hence  an  off- 
hand opinion  should  not  be  given,  especially  in  view  of  the  tolerance 
of  the  socket  for  intruding  non-septic  bodies.  Many  notable  examples 
of  the  latter  could  be  cited,  curious,  interesting,  and  instructive.^ 
On  the  other  hand,  the  possible  risk  to  life  from  secondary  processes 
in  seeming  slight  mjuries  should  be  kept  in  mmd,  and  therefore,  as  a 
rule,  a  guarded  prognosis  be  given,  especially  in  view  of  a  possible 
medico-legal  bearing.    The  'primary  effects  may  include  injury  or 
loss  of  the  eye,  or  lesion  of  the  optic  nerve,  with  sudden  blindness, 
or  true  aneurism,  or  aneurismal  varix,  or  free  hemorrhage  with  infil- 
tration of  the  tissues,  proptosis,  etc.    The  orbital  wall  may  be  pene- 
trated or  fractured.     Following  forcible  entry  of  a  pointed  stick, 
foil,  etc.,  especially  from  below,  perforation  of  the  roof  with  lesion 
of  the  meninges  or  brain  is  apt  to  occur.    Bullets  may  enter  through 
the  temple  and  cut  the  optic  nerve,  or  plough  their  way  through  globe 
or  lids  and  on  into  the  anterior  or  middle  fossa.    Severe  blows  may 
fracture  one  or  other  wall  of  the  orbit  or  of  the  optic  canal,  cause 
hemorrhage  into  the  sheath  or  direct  lesion  of  optic  nerve  and  blind- 
ness, without  external  sign,  or  bleedmg  into  the  cellular  tissues,  with 
extravasation  into  the  lids,  when  fracture  is  almost  certain;  or  may 
open  communication  with  one  or  other  sinus,  causing  emphysema, 
with  much  swelling  and  crackling  crepitus.    Some    large  foreign 
bodies  lodge  in  part  in  adjacent  cavities,  as  the  sphenomaxillary 
fissure,  nasal  fossa,  etc. 

The  secondary  results  of  injm-ies  are  orbital  cellulitis  (generally 
septic),  with  possible  optic  neuritis  and  atrophy,  and  blindness; 
paralysis  of  one  or  more  ocular  muscles,  periostitis,  and  osteitis, 
with  consecutive  meningitis,  brain  abscess,  and  death;  also  tlorom- 
bosis  of  the  cavernous  smus,  single  or  symmetrical,  from  the  septic 
orbital  phlebitis  of  cellulitis;  and  enophthalmos.  It  should  be  borne 
in  mind  that  penetrating  womids  with  lesion  of  the  roof  are  treach- 
erous; a  quiet  interval  of  several  days  or  even  weeks  with  fair  promise 
may  end  abruptly  in  grave  acute  symptoms  with  speedy  death. 

One  may  get  some  clue  to  the  lesion  from  the  nature  of  the  accident 
and  the  symptoms,  and  by  the  careful  use  of  the  probe  and  finger. 
Great  pains  should  be  taken  and  will  be  rewarded,  while  care  is  had 
not  to  add  to  the  trauma.  Where  an  interval  has  elapsed,  a  spongy 
cicatrix,  a  wound  which  will  not  quite  heal,  or  one  which  reopens, 
is  significant.    At  times  several  foreign  bodies  may  be  lodged.  Some 


1  Of  recent  ones :  knife-blade,  38  mm.  long  by  8  mm.,  in  lower  part  of  orbit  thirty-two  years,  with 
normal  vision  and  perfect  movement  of  the  globe.   (H.  Holmes.) 
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cases  are  not  obscure,  e.  g.,  an  impacted  splinter  in  the  outer  wall  may 
cripple  the  external  rectus,  causing  pain  in  attempted  abduction,  with 
convergent  squint  and  diplopia.  A  skiagraph  after  the  _  improved 
methods  of  Sweet,  Davidson,  and  others  is,  of  course,  decisive  as  to 
the  site  of  metallic  missiles  or  other  foreign  bodies  opaque  to  the 
x-rays. 

Treatment.  Small  bodies  unless  easily  got  at  are  best  left  in  situ 
if  not  causing  trouble.  Large  bodies  should  be  removed  promptly, 
noting  on  a  trial  attempt  if  the  globe  is  dragged  upon.  Some  freeing 
or  careful  dissection  may  be  necessary,  the  wovmd  being  enlarged; 
and  in  case  of  impacted  arrow-shafts  or  a  large  splinter,  strong  for- 
ceps are  required  in  lieu  of  the  sequestrum  or  crocodile  pattern,  which 
usually  suffices.  Iced  compresses,  cold  lead-and-spirit  lotion,  rest 
in  bed,  salines,  etc.,  will  tend  to  ward  off  undue  reaction.  If  pain 
and  swelling  persist  or  light  up,  with  pyrexia,  in  spite  of  these  and 
local  depletions,  and  pus  seems  forming,  hot  fomentations  should 
be  used,  and  incision  made  as  in  cellulitis  and  periostitis. 

Pulsating  Exophthalmos.  This  is  a  condition  largely  due  to  trauma, 
m  which  proptosis  and  pulsation  of  the  eyeball  and  loud  subjective 
and  audible  tirmitus  are  leading  symptoms.  The  old-time  view  as 
to  the  etiology  is  not  now  held,  for  there  can  be  no  doubt  that  it  is 
most  often  due  to  intracranial  and  not  orbital  lesions,  the  changes 
m  the  orbital  contents  being  secondary  and  symptomatic.  In  the 
few  cases  m  which  the  mischief  has  been  proved  to  be  orbital  there 
have  been  found  true  aneurism  of  the  ophthalmic  artery  or  of  some 
of  its  branches,  traumatic  diffuse  or  cir- 
ciunscribed  aneiu"ism,  and  arteriovenous 
aneiu-ism,  anem-ism  by  anastomosis  and 
angiomata,  or  telangiectatic  tumor.  Of 
intracranial  lesions,  the  most  common  is 
traumatic  aneurismal  varix  in  the  cavern- 
ous sinus,  the  carotid  artery  pumping  into 
the  sinus  through  a  breach  in  its  wall,  and 
so  into  the  ophthalmic  vein,  etc. ;  anemsm 
of  the  internal  carotid,  aneurism  of  the 
ophthalmic  artery  at  its  point  of  origin 
from  the  internal  carotid — very  rare. 

Sjrmptoms.  Subjective.  One-sided  Traumatic  pulsating  exophthalmos, 
loud,  pulsating,  blowing,  churning,  rush- 
ing, or  roarmg  tinnitus,  increased  by  stooping,  reduced  by  openmg 
mouth  widely,  and  stopped  by  compression  of  the  common  carotid  of 
the  same  side;  diplopia  often,  at  least  in  some  parts  of  the  field 
(e.  g.,  paresis  of  external  rectus) ;  pain  not  a  constant  symptom,  but 
present  in  many  cases.  . 

Objective.  Proptosis,  sometimes  very  marked,  with  inability  to 
close  the  eye,  and  at  times  displacement  outward  and  downward, 
with  impaired  motility;  convergent  squint  constant  or  on  attempted 
abduction;  eyelids  dusky  and  much  swollen,  and  veins  of  brow,  fore- 
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head  and  temple  notably  distended  and  quite  sinuous;  a  tense  but 
compressible  vascular  tumor  at  inner  end  of  brow— dilated  ophthalmic 
vein— giving  a  strong  impulse  to  finger-tip;  vessels  of  eyeball  much 
engorged  and  conjunctiva  chemotic;  caruncle  large  and  fleshy  and 
protruding.  (Fig.  101.)  Palpation  of  lids  and  globe  yields  a  thrill 
and  distinct  pulsation,  the  latter  visible.  There  is  a  loud  bruit  with 
ear_  to  side  of  head  or  at  any  point  of  it,  loudest  with  stethoscope 
at  inner  end  of  brow,  with  mstant  almost  startling  quiet  on  com- 
pression of  common  carotid.  The  latter  stops  all  thrill  and  pulsation, 
the  eyeball  readily  yields  to  pressure,  and  the  finger  may  be  dipped 
deeply  into  the  flaccid  ophthalmic  vein.  The  sight  and  field  of  vision 
may  be  normal  or  but  little  affected.  The  fundus  shows  hyperajmia  of 
the  optic  disk  and  pulsation  of  the  retinal  veins,  which  are  apt  to  be 
greatly  dilated  and  tortuous.  There  are  at  times  papillitis  and  reti- 
nitis, etc. 

Etiology.  Pulsatuig  exophthalmos  may  be  idiopathic  or  trau- 
matic. The  former  occurs  mainly  in  females,  the  latter  most  often 
among  men ;  while  in  some  of  the  traumatic  cases  the  symptoms  appear 
quickly,  in  others  they  develop  slowly.  In  the  idiopathic  variety 
they  are  apt  to  be  sudden  m  onset— pam  and  a  great  "crack"  or 
"snap"  at  the  start,  and  in  a  few  hours  great  swelling  of  lids,  cedema 
of  conjunctiva,  proptosis,  and  pulsation,  with  most  disturbing  tinnitus. 
When  due  to  trauma,  an  early  if  not  the  first  special  symptom  in  some 
cases  is  a  high  note  as  if  there  were  only  a  small  hole  in  the  vessel 
wall.  The  loud,  pulsating,  and  roaring  tinnitus  may  not  ensue  for 
some  days  or  weeks,  and  the  same  interval  may  mark  the  other  main 
symptoms.  Anemismal  varix  in  the  neck  may  cause  pulsatmg 
exophthalmos  by  damming  the  venous  outflow  from  the  smuses. 
(Gifford.)  The  diagnosis  should  be  much  aided  in  the  idiopathic  cases 
by  the  rapidity  and  fulminating  nature  of  the  svmptoms.  The  fact 
of  trauma,  more  or  less  severe,  and  of  the  tense 'pulsating  sac  at  the 
upper  inner  part  of  the  orbit,  at  once  made  flaccid  by  stopping  the 
carotid  flow,  should  distmguish  from  orbital  growths,  especially  vascu- 
lar malignant  forms,  which  also  cause  proptosis  and  pulsation.  Then, 
paresis  of  the  external  rectus,  with  pulsating  tumor  on  the  inner  side 
of  the  eyeball,  is  significant.  Some  points  m  the  pathologij  have  already 
been  cited.  There  are  some  anomalies;  the  absence  of  anemism  or 
other  vascular  lesion  has  been  shown  in  a  series  of  cases  by  autopsy. 
And  in  various  instances  of  true  aneurism  of  the  internal  carotid  in 
the  cavernous  sinus,  as  proved  by  post-mortem,  pulsating  exophthal- 
mos had  not  occurred.  Relief  of  pressure  on  the  ophthalmic  vein 
through  the  setting  up  of  collateral  ch-culation  might  explain  this. 

Treatment  and  Prognosis.  In  view  of  the  fact  that  there  has  been 
spontaneous  recovery  in  probably  7  or  8  per  cent.,  some  surgeons 
follow  an  expectant  course,  giving  potass,  iodid.,  and  enjoining 
quiet,  etc.  Compression  of  the  common  carotid  has  cured  in  a 
still  larger  number,  and  rightly  is  held  worthy  of  trial.  It  is  resorted 
to  by  some  merely  as  a  safeguard  before  operating.    If  kept  up  for 
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a  short  time  every  day  for  weeks  or  months  in  idiopathic  cases,  it  may 
succeed;  in  traumatic  cases  it  should  be  applied  continuously  for 
hours  daily.  (Sattler,  in  Noyes.)  In  a  case  of  the  writer's,  of  single 
pulsating  exophthalmos  due  to  trauma,  in  which  ligation  of  both  com- 
mon carotids  proved  ineffective,  it  was  preferred  to  test  first  the 
effect  of  pressure  in  conjunction  with  a  course  of  potass,  iodid., 
because  there  were  no  urgent  symptoms  present;  the  sight  was  good, 
there  was  no  pain,  the  process  was  seemingly  at  a  stand-still,  and 
compression  had  availed  in  various  cases;  while,  on  the  other  hand, 
ligation  had  sometimes  failed,  and  was  itself  not  free  from  risk.' 
Ligation  of  the  common  carotid  is  the  most  reliable  treatment,  being 
effective  in  about  60  per  cent,  of  the  cases  operated  on.  Death  has 
followed  in  about  10  per  cent,  of  the  remainder. 

Ligation  of  the  second  common  carotid  has  now  and  then  been 
curative  in  failure  of  ligation  on  the  affected  side.  Ligation  of  the 
external  carotid  on  the  affected  side  after  failure  of  that  of  the  com- 
mon carotid  has  sometimes  been  successful,  and  in  the  writer's  opinion 
it  is  a  step  that  should  be  taken  in  preference  to  ligation  of  the 
second  conmion  carotid.  There  seems  ground  for  the  view  that 
treatment  by  prolonged  compression  militates  against  the  success  of 
ligation.  As  a  rule,  life  is  not  jeopardized,  although  rendered 
miserable  in  cases  which  have  been  left  alone.  The  attempt  to  plug 
the  ophthalmic  vein  by  a  firm,  deeply  placed  clot  by  means  of  gal- 
vanopimcture,  the  positive  pole  (needle)  being  passed  far  in,  is  worthy 
of  trial,  and  it  should  prove  useful,  if  not  per  se,  at  least  with  com- 
pression, medication  by  potassium  iodide  and  ferric  tannate,  or 
where  ligation  has  given  only  partial  relief. 

Dr.  Argyll  Robertson  reports^  two  cases  of  pulsating  tumor  of  the 
orbit  with  bruit,  in  which  electrolysis  was  used. 

Thrombosis  of  the  cavernous  sinus  causes  venous  stasis  in  the 
orbit,  with  general  infiltration  and  oedema  of  lids.  If  due  to  sepsis, 
as  is  the  rule,  phlebitis  and  thrombi  with  cellulitis  follow,  with 
marked  oedema  of  lids,  exophthalmos,  and  immobility  of  globe.  Be- 
fore the  eyeball  becomes  fixed,  paralysis  of  the  third  and  sixth  nerves 
may  be  made  out.  The  pupil  is  generally  dilated.  There  may  be 
great  tortuosity  or  thrombosis  of  the  intra-ocular  veins,  with  impaired 
sight  or  blinckiess. 

Etiology.  Thrombosis  of  the  cavernous  sinus  is  generally  septic  in 
origin  and  due  to  purulent  or  carious  foci,  likely  infective,  in  some 
part  of  the  head  or  neck;  most  often  a  sequel  of  infective  inflammation 
of  the  lateral  sinus,  with  septic  thrombosis  from  suppurative  otitis, 
with  or  without  caries  of  the  petrous.  Erysipelas  may  set  up  throm- 
bosis through  the  medium  of  orbital  phlebitis  or  cellulitis;  also  septic 
foci  may  cause  it  in  the  nasal  fossa,  lacrymal  sac,  or  cheek,  as  in 
anthrax  or  malignant  pustule.    Thrombosis  of  the  second  cavernous 


1  Transactions  of  Ophthalmological  Society,  1893. 
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Sinus  occurs  by  extension  from  the  first  through  the  circular  sinus  or 
directly,  as  in  erysipelas.  This  contingency  adds  a  feature  of  gravity 
to  facial  erysipelas  which  should  be  borne  in  mind.  In  thrombosis 
there  would  be  the  grave  general  condition,  weak,  quick  pulse,  tem- 
perature showing  steep-peaked  chart,  with  probable  rigors  and 
hebetude,  the  history,  likely,  of  chronic  otorrha3a  or  recm-rent  otitis, 
with  cedema  and  tenderness  over  and  behind  the  posterior  edge  of 
the  mastoid,  and  double  optic  nem-itis.  To  make  a  correct  diagnosis 
is  to_  give  a  bad  prognosis  and  to  avoid  the  error  of  treating  the 
condition  as  cellulitis  per  se,  for  septic  cases  are,  as  a  rule,  speedily 
fatal,  and  when  double,  death  is  the  more  certain.  In  the  early  stage 
antitoxin  treatment,  or  the  use  of  Crede's  ointment,  coUargolum,  etc. 
may  prove  of  value.  ' 

Tumors.  The  anatomy  of  the  orbit,  its  constituents  and  relations, 
render  it  prone  to  become  the  seat  of  neoplasms  and  to  be  invaded 
by  growths  of  adjacent  parts.  Any  change  in  the  bulk  of  its  contents 
or  its  capacity  is  apt  to  alter  the  position  of  the  eyeball,  which  is  a 
sort  of  movable  plug  in  the  septum  orbitae.    Hence  prominence  or 


Fig.  102.  Fig,  103. 


Fig.  102.— Sarcoma  of  orhit.   Twenty-one  luches  iu  circumference.   Weight,  three  pounds. 
Fio.  103.— Ivory  exostosis  of  F.  Sinus  and  orbit  with  marlied  exophthalmos. 

protrusion  of  the  globe,  exophthalmos,  is  the  most  common  sign  and 
result  of  orbital  hyperplasia  and  tumor,  and  it  often  depends  upon 
the  same  changes  in  adjacent  cavities,  with  distention,  etc.  When 
the  globe  is  pushed  straight  forward  or  in  the  line  of  axis,  the  term 
proptosis  is  used;  displacement  is  generally  lateral  as  well  as  forward. 
A  displaced  eye  may  functionate  normally  and  give  no  trouble,  but 
crippling  of  one  or  other  of  the  orbital  muscles,  directly  by  pressure 
or  invasion  of  its  fibres,  or  through  the  motor  nerve,  at  once  causes 
disability.  The  ease  with  which  paresis  is  induced  renders  it  a  com- 
mon result  of  orbital  lesion  (as  well  as  intracranial).  In  addition 
to  exophthalmos  and  defective  motility,  oedema  of  the  lids  and  at 
times  great  stretching  are  incidents  of  orbital  growth.  Pain,  which 
is  often  wanting,  may  be  most  severe  and  annoying  if  there  is  much 
tension  of  the  parts. 

Tumors  of  the  orbit  may,  as  elsewhere,  be  benign,  recurrent,  or 
malignant.    To  the  benign  class  belong  fibromata,  osteomata,  cysts, 
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Sarcoma  of  orbit.  Ericeijliuioid  enternlinn. 
Living  thirteen  years  afterward.  No  recur- 
rence. 


vascular  tumors  (angiomata,  etc.),  and  lymphomata  or  lymphade- 
nomata.  Malignant  growths,  gliomata,  carcinomata,  sarcomata,  etc., 
are,  of  course,  apt  to  recur,  the  round-cell  sarcoma  of  children  practi- 
cally certain ;  but  recurrence  does  not  stamp  malignancy,  for  vascular 
and  cystic  neoplasms  are  prone  to  grow  again  unless  eradicated.  A 
fatal  result  is  brought  about  by  extension  to  the  brain  along  the 
optic  nerve,  or  through  the  sphe- 
noidal fissure,  or  through  the  walls, 
e.  g.,  roof  by  caries  or  by  metas- 
tasis. It  is  often  delayed,  and  may 
be  averted  in  orbital  tumor  from 
the  great  tendency  in  such  cases 
to  growth  outward,  i.  e.,  forward. 
(Figs.  102,  103,  and  104.)  The 
division  may  be  arbitrary,  but  is 
useful,  of  orbital  tumors  into  those 
arising  within  the  socket  and  start- 
ing from  the  cellular  tissue — the 
main  seat,  the  walls,  lacrymal 
gland,  optic  nerve  or  vessels — and 
those  invading  the  orbit  from  ad- 
jacent parts  or  cavities,  as  is  often 
the  case  in  osteomata  and  sarco- 
mata. In  the  latter  in  young  sub- 
jects, without  pain  or  pyrexia,  there  may  be  no  sign  until  exophthal- 
mos shows,  and  then  there  is  rapid  growth.  One  should  weigh  well 
such  points  as  the  condition  of  the  patient,  the  size  and  the  rate  of 
growth,  site  or  origin  and  attachments  of  the  neoplasms,  whether 
fixed  or  movable,  hard  or  soft,  smooth  or  nodular,  compressible, 
tender  or  pulsating;  the  kind  and  degree  of  displacement  of  the 
globe,  and  of  any  paresis,  the  acuity  of  vision,  state  of  the  fundus 
oculi,  and  of  the  adnexa  and  accessory  sinuses.  As  growths  vary 
so  much  in  nature,  and  if  malignant  should  be  extirpated  early,  if 
at  all,  it  is  advisable  to  employ  every  diagnostic  aid.  Inspection 
and  the  careful  use  of  the  finger  can  tell  one  much.  The  finger-tip 
is  pressed  along  and  just  within  the  orbital  rim,  and  then  back 
between  it  and  the  globe,  testing  the  floor  of  the  frontal  sinus,  the 
region  of  the  ethmoid  back  on  the  mner  wall,  of  the  lacrymal  gland, 
and  of  the  antrum.  Cysts  may  feel  firm  when  well  packed;  soft, 
round-cell  sarcoma  if  encapsulated,  may  stretch  the  bag  so  tightly 
as  to  seem  quite  hard,  and  a  subperiosteal  mass  of  the  same,  or  even 
of  pus,  may  simulate  hyperostosis.  Hence  the  need  of  exploratory 
incision  to  determine  the  true  state  of  things,  especially  when  too 
deep  for  palpation.  Under  asepsis  it  is  free  from  special  risks,  and 
it  should  always  be  made  in  cases  of  doubt.  Aii  incision  is  carefully 
made  through  the  skin  in  line  with  the  orbicularis  fibres,  and  just 
within  the  orbital  margin,  or  between  the  lids  and  the  globe,  going 
deeper  and  slowly,  and  if  beyond  one's  ken  the  mirror  may  be  used, 
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also  the  little  finger  and  probe.  Exploratory  puncture  at  times 
gives  a  useful  hint,  and  the  microscope  may  be  needed  to  fix  the 
diagnosis.  Kronlein's  osteoplastic  resection  of  the  outer  wall  of  the 
orbit  has  been  urged  -and  used  for  diagnostic  purposes.  It  has 
proved  useful  in  exposing  and  removing  deep-seated  neoplasms 
with  the  least  risk  to  the  globe,  ojjt  c  nerve,  etc.  Eyes  may  require 
to  be  sacrificed  by  operating  from  the  front  which  could  be  saved  by 
the  Kronlein  method.  This  granted,  good  work  can  be  done  and 
large  growths  removed  by  incisions  through  the  lids.  It  is  important 
to  learn  the  state  of  the  nasal  passages  by  anterior  and  posterior 
rhinoscopy,  and  of  the  maxillary  sinus — at  least  by  exclusion — before 
giving  the  prognosis  or  resorting  to  operations.  Transillumination 
may  be  of  service,  for  if  the  antrum  or  frontal  sinus  fail  to  light  up 
there  is  likely  a  growth  or  other  morbid  condition. 

Angioma  may  begin  in  the  lids  and  dip  into  the  orbit,  and  it  may 
start  in  the  orbit  and  invade  the  lids,  involving  also  the  lacrymal 
gland  and  requiring  sacrifice  of  the  latter  in  the  extirpation  (de 
Schweinitz).  The  rare  encapsuled  cavernous  variety  of  angioma  simu- 
lates tumor  of  the  optic  nerve,  but  vision  is  unaffected.  It  is  removed 
by  careful  dissection.    The  Kronlein  method  is  preferable 

Aneurism  by  Anastomosis.  Subcutaneous  ntevus  is  a  species  of 
angioma  in  which  congeries  of  dilated  arteries  from  a  mass  that  yie  ds 
pulsation  and  a  tough  and  doughy  feel  on  palpation,  and  gives  a 
bluish  tinge  to  the  swollen  lid. 

To  a  variety  of  angioma,  varicose  veins  in  the  orbit,  is  attributed 
the  rare  intermittent  exophthalmos,  in  which  protrusion  of  the  eyeball 
occurs  when  the  head  is  dependent,  and  recession  ui  the  erect  or 
recumbent  position. 

Lymphangioma  is  allied  to  cavernous  angioma.  It  is  a  retro- 
ocular  encapsuled  growth,  and  is  similarly  treated  by  extirpation. 

Pure  my.voma  occurs  now  and  then  as  a  soft  or  doughy  encapsuled 
tumor,  causing  exophthalmos,  etc.,  and  should  be  dissected  out. 

Lymphoma  or  lymphadenoma  is  an  occasional  innocent  neoplasm 
simulating  clinically  and  histologically  small-cell  sarcoma,  but  yield- 
ing to  a  full  course  of  arsenic.  This  remedy  should  have  a  fair  trial 
in  all  doubtful  cases  as  should  potassium  iodide  whenever  there  is  the 
least  suspicion  of  specific  origin. 

Lipoma  or  encapsuled  fatty  tumor  is  of  very  slow  growth.  If 
small,  it  may  be  felt  as  a  soft,  elastic,  movable  tumor  ;  if  large,  the 
eye  and  lids  will  be  more  or  less  prominent,  and  the  latter  yield  a 
fleshy  feel.  It  is  very  rare,  and  excision  is  the  only  treatment. 
Fibro-angiolipoma  is  not  unusual  (W.  A.  Holden). 

Chondroma  or  enchondroma,  a  purely  cartilaginous  tumor,  is  ex- 
ceedingly rare.  It  may  spring  from  the  sphenoid,  and,  growmg  very 
slowly,  cause  at  length  great  exophthalmos.  Now  and  then  chondro- 
sarcoma and  chondrofibroma  occur. 

Tumor  of  the  Optic  Nerve.  The  features  are  slow  and,  as  a  rule, 
painless  growth  in  a  healthy  subject,  gradually  mcreasing  proptosis. 
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mostly  in  the  line  of  the  axis  of  the  orbit/  but  with  mobility  of  the 
eyeball  probably  good,  optic  neuritis,  or  "atrophy,"  and  vision  early 
impaired  or  lost/  In  some  cases  marked  hypermetropia  develops 
from  flattening  of  the  globe  by  retro-ocular  pressure.  Palpation 
may  not  make  out  the  tumor  if  small.  Removal  is  indicated.  The 
neoplasm  is  encapsulated  and  non-recurrent,  and  therefore  the  prog- 
nosis is  so  far  good ;  but  it  is  likely  a  much  higher  percentage  succumb 
to  intracranial  extension — possibly  after  a  long  interval— than  is 
suspected.  Fibromatosis  expresses  the  pathological  character  of  these 
growths,  which  histologically  are  essentially  mesoblastic  in  nature 
(Byers).    (See  page  464.) 

Operation.  Extirpation  may  be  done  by  careful  deep  dissection 
on  the  inner  or  outer  side  of  the  globe  with  the  finger-tip  as  a  guide 
(H.  Knapp's  method),  the  closed  scissors'  points  being  used  to  sep- 
arate parts  and  to  isolate  the  growth.  The  external  rectus  and 
outer  canthus  may  with  advantage  be  cut  to  gain  access  (Lagrange), 
to  be  reunited  after  removal.  The  optic  nerve  is  cut  close  to  the 
apex,  traction  is  made,  the  neoplasm  detached  from  the  globe  if  in 
contact,  the  nerve  then  divided  next  the  eyeball,  and  the  growth 
brought  away.  Some  prefer  to  section  the  nerve  in  the  reverse  order. 
The  eye  sometimes  is  saved,  and  remains  cosmetically  good,  but  more 
often  it  is  either  sacrificed  or  finally  shrinks.  The  Kronlein  method 
.fiives  freer  access  to  the  orbital  contents  than  the  above  method, 
long  in  vogue,  and  with  less  risk  of  excessive  hemorrhage  and  of  loss 
of  the  eyeball. 

Kronlein's  Method.  A  slightly  curved  incision  is  made  along 
the  outer  bony  marg-n  of  the  orbit,  dividing  the  periosteum.  The  peri- 
osteum linmg  the  inner  side  of  the  lateral  wall  of  the  orbit  is  retracted, 
together  with  the  soft  orbital  contents,  and  the  inferior  orbital  fissure 
localized.  From  the  anterior  end  of  this  fissure  the  bony  wall  of 
the  orbit  is  cut  through  with  a  chisel  along  two  divergmg  lines,  the 
one  parsing  up  and  out  to  the  external  angular  process  of  the  frontal 
bone,  practically  in  the  suture  between  the  great  wing  of  the  sphenoid 
and  the  malar  bone,  and  the  other  in  a  horizontal  plane  passmg  out 
and  forward,  appearing  on  the  external  surface  of  the  malar  bone 
in  a  line  directly  above  the  insertion  of  the  zygomatic  arch.  This 
wedge-shaped  piece  of  bone,  with  its  muscular  and  cutaneous  attach- 
ments, is  strongly  forced  backward,  giving  free  access  to  the  orbit. 
The  periosteum  is  incised  in  a  horizontal  direction  (Arnold  H.  Knapp). 
After  removal  the  bone  and  overlying  soft  parts  are  replaced  and  the 
latter  carefully  sutured.  The  electric  circular  saw  makes  quicker  and 
better  section  of  the  bone  than  the  chisel. 

Osteoma.  The  ivory  exostosis,  osteoma  eburnea,  which  is  the  one 
most  often  met  with  in  the  orbit,  is  of  very  slow  and  painless  growth, 
and  as  a  rule  gives  no  sign  imtil  exophthalmos  appears.  It  is  at 
times  well  borne  until  there  is  decided  malposition  of  the  globe,  and 


1  About  60  per  cent. 


2  About  70  per  cent.  (Byers). 
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SO  insidious  is  its  growth  that  this  is  the  case  even  when  it  has  started 
in  the  frontal  (or  ethmoidal)  sinus  and  pushed  the  orbital  wall  before 
it.  When  it  involves  or  invades  the  cranial  cavity,  cephalalgia  and 
other  symptoms  are  apt  to  set  in,  and  optic  nem-itis  may  occur. 

Palpation  shows  a  hard,  fixed,  nodular  tumor  on  the  orbital  roof 
or  inner  wall,  as  a  rule,  and  a  smooth,  hard,  hemispherical  swelling 
if  the  seat  is  in  the  sinus.  But  exploration,  as  stated,  is  necessary 
to  a  correct  diagnosis.  The  etiology  is  indefinite;  rheumatism,  gout, 
syphilis,  etc.,  are  of  uncertain  weight.  Trauma  has  a  place.  In 
three  fronto-orbital  cases  of  the  writer's— two  osteoma  eburnea— 
trauma  in  early  life  was  almost  surely  a  factor. 

Treatment.  This  is  extirpation,  which  is  a  safe  procedure,  and  the 
eye,  as  a  rule,  can  be  saved.  The  same  may  be  said  of  sinus-orbit 
cases  if  the  proper  method  is  followed  The  attempt  to  remove  only 
the  orbital  part  by  attacking  the  body  of  the  tmnor  is  misafe,  and 
is  not  now  made.  It  has  been  replaced  by  the  method  of  "subperios- 
teal enucleation  "  of  H.  Knapp,  after  Maisonneuve.  The  first  step 
in  the  operation  proper,  after  reaching  the  site  by  incision  through 
the  lid,  septum  orbittB,  etc.,  is  to  divide  the  periosteum  over  the 
tumor  and  peel  it  off  to  the  basal  wall;  the  latter  is  then  carefully 
chiselled  through  close  to  the  tumor,  and  the  latter  is  grasped  and 
rotated,  and  then  lifted  or  shelled  out.  If  the  tumor  be  of  the  sinus- 
orbit  kind— e.  g.,  growing  from  the  frontal— the  wall  or  walls  will 
require  chiselling  in  order  to  release  the  growth  from  its  bed.  After 
removal  and  careful  cleansing,  etc.,  the  periosteum  is  reunited  by 
deep  sutures,  and  then  the  wound  closed.  Packing  or  a  drainage-tube 
may  be  used  temporarily,  and  after-treatment  is  according  to  general 
principles. 

Encephalocele  is  a  congenital,  fluctuating,  nearly  always  pulsating 
and  compressible  tumor,  foimd  at  the  inner-upper  part  of  the  front 
of  the  orbit,  and  at  times  is  of  large  size.  It  is  a  hernia  of  the  brain 
and  membranes  through  a  hiatus,  which  may  at  times  be  felt  at  the 
site  of  junction  of  the  frontal,  lacrymal,  and  superior  maxillary  bones, 
and  is  often  double.  It  is  extremely  rare,  and  is  inoperable.  Its 
diagnosis  is_  only  important  if  the  subject  lives— the  exception. 

Sarcoma _  is  the  most  common  growth  in  the  orbit,  and  occurs  more 
often  in  children  than  in  adults.  It  may  originate  in  any  intra-orbital 
tissue,  or  invade  the  socket  from  adjacent  parts,  sinuses,  etc.  Sar- 
coma of  the  choroid,  like  its  congener,  glioma  of  the  retina,  may 
become  extra-ocular  and  then  virtually  orbital.  In  some  cases  the 
growth  forms  a  large  mass,  which  is  covered  but  partially  by  the 
greatly  stretched  lids— so-called  encephaloid  or  fungus  ha?matodes. 
Even  at  this  stage  radical  relief  may  follow  exenteration,  and  this 
is  the  more  likely  if  the  tumor,  though  large,  be  movable  and  the 
periorbita  unaffected.  Prolonged  immunity  from  pain  and  recrudes- 
cence, at  least,  may  be  had  in  seemingly  desperate  cases;  but  this 
applies  almost  wholly  to  adults  and  to  mixed  forms — e.  g.,  adeno- 
sarcoma  and  fibrosarcoma.    The  latter,  which  are  encapsulated  or 
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circumscribed  and  of  very  slow  growth,  yield  good  results  to  thor- 
ough excision.  (This  holds  also  in  regard  to  carcinoma,  which  has 
occurred  only  in  the  lacrymal  gland  and  on  the  optic  nerve.) 
The  consensus  of  opinion  is  against  operation  in  orbital  sarcoma  of 
children,  in  whom,  as  a  rule,  it  is  of  the  small,  round-cell,  most 
malignant  type,  and  decidedly  if  growing  from  a  sinus.  It  is  held 
to  be  inoperable  in  the  sense  that  recurrence  is  almost  certain,  and 
death  is  hastened  rather  than  retarded.  The  relief  of  pain  or  other 
special  mdication  or  condition  may  warrant  operation. 

Exenteration  (or  Evisceration)  of  the  Orbit.  Complete  exen- 
teration means  the  removal  of  all  the  contents  of  the  socket,  includ- 
ing the  periosteum  to  the  apex,  and  also  at  times  ablation  of  one  lid 
or  both  lids  when  involved  primarily  or  in  course.  The  outer 
canthus  is  divided  by  a  cut  to  the  bone,  the  lower  lid  is  drawn 
down,  and  an  incision  is  made  in  the  retrotarsal  fold  to  the  bony 
margin  from  the  outer  to  the  inner  canthus,  and  then  similarly  to 
the  upper  orbital  rim,  passing  behind  the  lacrymal  sac  if  it  is  healthy. 

The  closed  scissors  (strong  and  curved)  are  then  passed  deeply 
along  one  or  other  bony  wall  and  made  to  sweep,  if  feasible,  around 
the  mass.  Traction  is  made,  and  the  tissues  cut  as  close  to  the  apex 
as  possible ;  bleeding  is  stopped  by  pressure ;  the  periosteum  is  freed 
from  any  remnants  by  the  scissors  and  sharp  curette,  and  the  stump 
trimmed  and  treated  with  10  per  cent,  solution  of  zinc  chloride.  The 
outer  canthus  may  be  restored  by  sutures.  When  oozing  has  ceased 
the  cavity  is  cleansed  and  packed  with  medicated  gauze  anointed 
with  sterilized  vaseline ;  a  compress  is  applied  over  the  lids  and  secured 
by  a  bandage.  The  outer  dressings  should  be  replaced  on  the  second 
day,  but  the  packing  may  be  left  four  to  six  days.  If  the  growth  is 
adherent  or  the  periosteum  involved,  the  latter  is  detached  at  the 
margin  of  the  orbit  all  around  and  from  the  walls,  so  as  to  be  removed 
entire  as  far  as  may  be  when  the  tissues  at  the  apex  are  severed. 
Any  diseased  periorbita  or  patches  of  bone  found  are  curetted  and 
treated,  as  well  as  the  stump,  with  10  per  cent,  solution  of  zinc  chlo- 
ride, or  the  chloride  of  zinc  paste  applied  on  lint.  If  the  floor  of  the 
orbit  is  carious,  it  is  advisable  to  explore  the  antrum,  and  thorough 
removal  of  the  contents  of  the  latter  is  necessary  if  it  has  been  in- 
vaded. It  is  wiser  to  sacrifice  the  lids  in  part  or  wholly  than  to  leave 
any  suspicious  tissue  which  may  be  the  nidus  of  new-growth.  The 
lacrymal  gland  is  always  removed;  and  if  the  sac  is  implicated,  it 
should,  of  course,  be  cut  away  and  the  nasal  duct  carefully  curetted. 
If  the  lids  are  to  be  sacrificed,  the  first  step  is  to  cut  through  the  skin 
to  the  bony  rim,  and  follow  this  around.  Recovery  is  much  quicker 
and  after-treatment  simpler  if  the  denuded  walls  of  the  orbit  are  at 
once  lined  with  Thiersch  skin-flaps  carefully  adapted  and  supported 
by  packing  (Mickulicz  and  H.  Friedenwald).  The  Thiersch  grafts 
may  also  be  applied  later  with  advantage  to  the  (prepared)  granu- 
lating surfaces  (Busachi).  The  extreme  retraction  of  the  lids  is  thus 
averted  and  a  special  form  of  artificial  eye  may  be  worn. 
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Cysts.  These  may  be  serous,  blood,  sebaceous,  dermoid,  hydatids, 
echinococci,  and  cysticerci.  They  occur  mamly  in  the  front  of  the 
orbit,  are  mostly  congenital  and  of  slow  growth,  and  are  painless  unless 
very  large.  They  may  be  firm  on  palpation,  but  on  exposure  elastic, 
if  not  fluctuating.  Hydatids  are  very  rare  in  America;  dermoids 
are  not  uncommon.  The  latter  may  lie  dormant  durmg  adolescence, 
showing  as  a  circmnscribed  swellmg  at  some  point  just  within  the 
orbital  rim,  and  then  at  puberty  begin  to  grow.  Their  contents  may 
be  varied,  as  they  are  elsewhere.  It  is  well  to  bear  m  mmd  that  cysts 
are  often  found  to  dip  deeply  mto  the  socket  and  to  mterpenetrate 
parts  to  a  degree  not  suspected  before  they  are  explored.  And  as  they 
may  be  united  to  the  sheaths  of  the  muscles  or  of  the  optic  nerve  or 
globe  itself,  their  removal  may  require  careful  and  deep  dissection, 
with  risk  to  healthy  parts.  Hence  some  prefer  obliteration  by  incision, 
evisceration,  in  hydatids  as  well  as  dermoids,  etc.,  and  light  cauteriza- 
tion of  the  sac-lining  by  means  of  argent,  nit.  crystals,  or  sol.  tinct. 
iodine,  etc.,  applying  cold  to  lessen  undue  reaction,  and  keeping 
the  mouth  open  until  the  walls  become  fused  (BuUer,  Mathewson, 
Standish,  etc.).  Antiseptic  injections  are  used  to  the  same  end 
(Swanzy).  Others  do  and  advise  extirpation  (Berlin,  Nettleship, 
W.  S.  Bull,  etc.). 

Exophthalmic  Goitre  (Parry's  Disease,  Graves'  Disease,  Base- 
dow's Disease).  This  disease,  as  the  name  suggests,  is  marked  by 
proptosis  and  enlargement  of  the  thyroid  gland,  which,  with  tachy- 
cardia and  tremor,  form  the  so-called  cardinal  symptoms.  The 
weight  of  evidence  points  to  the  toxic  action  of  abnormal  thyroid 
secretion  as  the  cause  of  this  strange  symptom-complex,  with  a  basis 
of  neuropathy. 

Etiology.  Fully  80  per  cent,  of  the  cases  are  females,  and  about 
33  per  cent,  occm-  in  the  third  decade;  it  is  rare  early  and  late  in 
life.  The  acute  form  follows  fright  or  other  strong  emotion,  which 
gives  color  to  the  claim  that  it  is  primarily  a  pure  neurosis.  The 
usual  chronic  type  is  often  preceded  by  a  period  of  care,  anxiety,  or 
other  nervous  strain.  Heredity  plays  a  part  in  so  far  at  least  as 
neurosis  is  an  etiological  factor.  Central  lesions  (in  the  medulla, 
etc.)  involving  the  sympathetic,  which  have  been  regarded  as  causa- 
tive, are  held  by  Putnam  and  others  to  be  most  likely  secondary. 
The  essence  of  the  disease  is  some  fault  in  the  thyroid  (hyperthyrea), 
which  presents  a  sort  of  compensatory  h3qDertrophy  with  perverted 
secretion  (Greenfield,  Moebius,  Horsley,  etc.). 

Symptoms.  One  or  other  feature  of  the  clinical  picture  may  be 
lacking,  and  the  evolution  of  the  symptoms  is  not  constant.  The 
onset  is  generally  gradual  and  the  disease  chronic.  The  signs  of 
decided  functional  disturbance  of  the  nervous  system  are,  as  a  rule, 
clearly  in  evidence. 

Tachycardia.  Cardiac  palpitation  and  rapid  pulse  are  most  often 
the  initial  symptoms.  The  pulse  runs  from  100  to  140  or  more. 
There  are  marked  throbbing  of  the  carotids  and  a  vascular  murmur 
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over  the  thyroid.  Enlargement  of  the  thyroid  is  generally  patent 
when  the  other  principal  symptoms  are  present.  There  is  visible 
pulsation,  and  a  thrill  may  be  felt. 

Exophthalmos.  The  proptosis,  which  is  almost  always  double 
and  but  rarely  absent,  varies  according  to  the  degree  of  vascular 
turgescence  of  the  orbit  from  slight  degrees  to  marked  protrusion. 
So  great  is  the  latter  at  times  that  the  cornea  remains  constantly 
more  or  less  exposed.  It  is  then  apt  to  ulcerate,  with  loss  of  the  eye 
at  the  time,  or  later  by  secondary  glaucoma  or  septic  invasion  and 
panophthalmitis.  Hyperplasia  of  the  connective  tissue  and  increase 
of  the  orbital  fat  delay  recession  of  the  eye  in  favorable  cases. 

There  are  other  ocular  symptoms  of  interest:  (a)  Dalrymple's 
sign :  retraction  of  the  upper  lid  from  tonic  spasm  of  Miiller's  fibres. 
This  causes  the  notably  staring  look  of  such  cases  by  exposing  a 
strip  of  sclera  above  the  cornea.  It  occurs  without  proptosis,  and 
adds  to  the  effect  of  the  latter  when  present,  (b)  Slellwag's  sign :  in- 
frequent and  imperfect  winking  (a  and  b  may  be  due  to  loss  of  sen- 
sation of  the  cornea  and  conjunctiva  and  of  the  reflexes  (C.  Wood), 
(c)  Von  Graefe's  sign :  loss  of  the  consensual  descent  of  the  upper 
lid  in  downward  movements  of  the  eye.  The  upper  lid  lags  behmd 
and  the  sclera  may  be  exposed.  In  not  a  few  cases  this  is  absent. 
Insufficiency  of  convergence  from  disability  of  the  internal  recti  is 
often  present  (Moebius). 

Spontaneous  pulsation  of  the  retinal  arteries  on  the  disk  (0.  Becker) 
also  occurs,  but  is  not  constant.  The  retinal  arteries  may  be  rela- 
tively large;  but  the  fimdus  is  practically  normal,  and  vision  is  unaf- 
fected.   Dryness  of  the  eyes  is  a  not  uncommon  source  of  discomfort. 

The  resistance  of  the  body  to  the  electric  current  is  greatly  reduced 
(AVolfenden).  Profuse  sweating,  pulsatory  tinnitus,  headache,  anse- 
mia,  and  mental  depression  are  common  symptoms.  Acute  cases 
may  reach  the  acme  in  a  few  days  or  weeks,  and  recover  as  quickly, 
or  end  in  death.  As  a  rule,  months  may  pass  before  the  palpitation 
and  quick  pulse  are  folloAved  by  exophthalmos  or  Dalrymple's  sign, 
etc.,  and  from  six  months  to  one,  two,  or  more  years  before  recovery 
ensues,  or  the  disease  may  persist. 

Treatment.  Rest,  mental  and  physical,  is  important;  hydro- 
therapy and  massage  are  of  sei"vice;  iron  and  digitalis  are  often 
useful  in  anajmic  cases,  and  the  tincture  of  strophanthus  as  a  cardiac 
tonic;  belladonna,  iodine,  cod-liver  oil,  and  bromides  have  proved 
helpful.  Osier,  who  admits  the  uncertainty  of  medicinal  treatment 
and  decries  veratrum  viride  and  aconite,  says,  "no  measures  are  so 
successful  as  protracted  rest  in  bed  with  an  ice-bag  applied  contin- 
uously by  day  over  the  heart,  or,  what  is  sometimes  more  agreeable, 
over  the  lower  part  of  the  neck  and  manubrium  sterni.  I  have 
known  the  pulse  to  be  reduced  in  this  way  from  140  to  90." 

The  systematic  use  of  the  galvanic  current  has  been  of  distinct 
service  in  many  cases:  a  current  of  from  0.5  to  1.5  milliamperes  for 
from  one  to  three  minutes  on  alternate  days,  the  cathode  at  the 
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angle  of  the  lower  jaw,  first  one,  then  the  other,  with  the  anode  at 
the  back  of  the  neck.  Persistent  faradization  or  galvanization  of 
the  thyroid  gland  with  strong  currents  is  certainly  useful,  whatever 
its  mode  of  action  (J.  J.  Putnam).  Thyroidectomy  has  been  of 
undoubted  value  despite  the  large  mortality  hitherto  attendmg  it. 
Of  sympathectomy  there  have  been  favorable  reports  and  unfavor- 
able. 

Local  Treatment.  When  the  cornea  is  partially  exposed,  the 
simplest  expedient  is  the  wearing  of  a  light  protective  compress,  at 
least  at  night.  When  the  whole  cornea  is  uncovered,  tarsorrhaphy 
should  be  done;  and  this  failing,  the  lid  margms  should  be  made  raw 
at  corresponding  points,  and  be  united  broadly  in  the  centre  or  at 
several  points,  sutures  being  inserted  sufficiently  far  from  the  free 
edge  to  hold  firmly.  This  is  especially  required  in  progressive  exoph- 
thalmos, and  may  save  the  eyes  from  destructive  ulceration,  or 
arrest  the  latter  so  as  to  prevent  utter  loss  of  sight.  In  a  few  m- 
stances  removal  of  the  eye  has  been  necessary  to  relieve  the  sufferer 
from  excessive  pain  due  to  ulceration,  panophthalmitis,  etc. 


Diseases  of  the  Accessory  Sinuses. 

Many  cases  of  subacute,  if  not  acute,  inflammation  of  the  frontal 
sinus  recover  spontaneously,  or  under  intranasal  treatment  of  the 
exciting  rhinitis,  etc.,  without  orbital  mischief.  Orbital  periostitis 
and  cellulitis  (which  see)  are  sometimes  set  up  by  acute  suppurative 
inflammation  of  one  or  other  of  the  accessory  sinuses,  which  in  turn 
is  likely  caused  by  the  invasion  of  pyogenic  organisms  in  the  purulent 
rhinitis  of  influenza  and  ethmoidal  and  antral  empyema,  pneumonia, 
and  the  exanthemata.  Again,  chronic  empyema  of  the  frontal  sinus  is 
at  times  a  sequel  to  the  acute  form,  or  is  latent  in  its  onset  and  course 
and  without  external  sign,  complaint  being  made  only  of  browache 
and  nasal  discharge,  which,  however,  are  present  in  ethmoidal 
empyema.  In  case  of  retention  from  imperfect  vent,  ulceration  of 
the  periosteum  and  caries  and  perforation  of  the  bony  wall  may 
slowly  ensue,  and  the  mucopurulent  contents  held  by  the  orbital 
periosteum  and  fascia,  form  a  tense  swelling  along  and  beneath  the 
brow  or  at  its  inner  half,  which  fluctuates  under  pressure.  Now  and 
then  spontaneous  fistula  occurs  beneath  the  brow,  as  in  periostitis: 
but  unlike  it  in  that  the  probe  enters  the  sinus  and  the  discharge  is 
mucoid.  Fistula  orbitje  may  occur  also  in  chronic  empyema  of  the 
ethmoidal  or  fronto-ethmoidal  cells,  which,  indeed,  sometimes  form 
one  cavity  with  the  frontal  sins. 

In  chronic  mucocele  of  the  frontal  sinus,  which  some  embrace 
under  chronic  empyema,  though  only  yielding  mucus,  stenosis  of 
the  frontonasal  canal  and  resulting  retention  and  distention  cause 
gradual  depression  of  the  floor  (orbital  roof)  and  prominence  of  the 
anterior  bony  wall  with  exophthalmos  downward  and  outward,  im- 
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paired  motility,  diplopia,  ptosis,  etc.  The  smooth  swelling  which 
dips  back  along  the  orbital  roof  may  feel  hard  or  may  yield  to  fii-m 
pressm-e,  and  the  purulent  nasal  discharge  of  empyema  is  wanting. 

Treatment.  The  general  indications  are  to  open  the  sinus,  remove 
diseased  contents,  secure  permanent  free  drainage,  and  then  carry 
out  medication,  provided  the  operation  does  not  prove  radical. 

Operation.  In  acute  empyema  of  the  frontal  sinus,  other  treat- 
ment faihng,  an  incision  is  made  in  the  inner  third  of  the  eyebrow 
to  the  side  of  the  root  of  the  nose,  the  periosteum  separated  over  a  lim- 
ited area,  and  a  small  opening  made  with  chill  or  chisel  through  the  wall 
just  below  the  supra-orbital  ridge  and  external  to  the  mesial  line,  the 
Uning  membrane  opened,  and  the  cavity  irrigated  with  1 :  40  carbolic, 
1 :  4000  collyrium  of  mercuric  chloride,  etc.  The  sinus  is  then  explored 
with  the  probe,  which  may  carefully  be  passed  into  the  frontonasal 
canal  to  test  patency.  Protargol,  5  per  cent,  solution,  may  then  be 
injected,  and  medicated  gauze  inserted.  The  latter  should  be  changed 
from  day  to  day,  and  irrigation  and  injection  practised  if  there  is 
secretion,  the  protargol  being  increased  to  10  per  cent,  or  stronger 
if  pus  continues  and  there  is  no  undue  reaction.  The  external  wound 
maybe  closed  after  several  days  if  the  discharge  has  ceased;  otherwise 
a  short  tent,  plug,  or  flanged  style  may  be  used,  and  medication  con- 
tinued as  required. 

In  chronic  mucocele  the  opening  at  the  end  of  the  brow  in  the  bony 
wall  should  be  made  suflSciently  large  to  admit  a  ciirette  or  large 
trocar.  After  irrigation  and  careful  curetting  to  remove  hyper- 
plasia, mucous  polypi,  etc.,  a  free  opening  is  made  to  the  infundibu- 
lum  with  trocar,  gouge,  or  bmr.  Until  recently^  the  rule  was  (as  in 
empyema,  which  see)  then  to  insert  a  good-sized  rubber  drainage- 
tube,  the  free  ends  being  fastened  above  the  brow  and  without  the 
nostril,  respectively,^  systematic  use  of  antiseptic  and  astringent  solu- 
tions forming  the  after-treatment.  This  may  cover  three,  six,  or 
twelve  months.  After  a  time — one  or  two  months — when  the 
lower  canal  seems  smooth  and  healed,  the  long  rubber  or  metallic  tube 
is  replaced  by  a  short  tube,  plug,  or  stylet,  and  worn  in  the  sinus  and 
hidden  by  plaster.  As  a  rule,  the  orbital  roof  gradually  rises,  the 
brow  recedes,  and  the  eye  resumes  its  proper  place. 

In  chronic  empyema  of  the  frontal  sinus  freer  access  to  the  cavity 
must  be  had  than  is  needed  in  the  acute  form,  or  in  mucocele  proper. 
The  effort  is  now  largely  made  to  render  the  operation  really  radical. 
Jansen  makes  an  incision  under  the  brow  and  cuts  away  the  bony 
floor,  with  after-treatment  by  repeated  packing.  In  Kuhnt's  opera- 
tion the  aim  is  to  obliterate  the  sinus;  the  whole  of  the  front  bony 
wall  is  removed  and  the  mucous  lining  scraped  away.    To  lessen 

'  Some  form  of  "  radical  "  operation  Is  now  In  vogue. 

^  In  twelve  cases,  under  the  care  of  the  writer,  of  chronic  mucocele  or  empyema,  with  enlarge- 
ment, requiring  operation,  this  procedure  was  followed.  The  treatment  lasted  from  a  few  weeks 
to  twelve  months  or  longer.  In  only  six  cases  was  it  fairly  tested,  and  In  these  the  result  was  satis- 
factory.—Canadian  Practitioner,  May,  1887. 
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deformity,  the  periosteum  is  now  left.'  To  the  same  end,  Eapp  spares 
the  upper  orbital  margin.  In  H.  Tilley's  modified  Kuhnt  operation 
"tlie  cosmetic  result  in  the  majority  of  cases  leaves  nothing  to  be 
desired,  and  the  purulent  discharge  is  permanently  cured."  Witliin 
three  weelts  from  the  operation  the  patient  may,  as  a  rule,  be  dis- 
charged. The  incision  is  made  from  just  above  the  internal  palpe- 
bral ligament,  coming  upward  and  outward  just  below  the  line  of  the 
eyebrow  to  a  little  beyond  the  junction  of  the  inner  and  middle  thirds 
of  the  supra-orbital  ridge.  After  retraction  of  the  periosteum,  a  good 
deal,  but  not  the  whole,  of  the  anterior  wall  is  removed.  After  the 
usual  curetting  to  the  periosteum,  "all  crevices  or  extensions  of  the 
sinus  must  be  searched  out  with  a  small  curette  or  sharp  spoon." 
Then  a  free  opening  is  made  of  at  least  one-quarter  of  an  inch  lumen 
into  the  nose  by  means  of  curved  burrs  or  a  cm-ette.  To  effect  this 
and  remove  diseased  ethmoidal  cells,  a  small  segment  of  the  nasal 
process  of  the  frontal  bone  is  cut  away.  Before  packing  with  anti- 
septic gauze,  the  sinus  is  dried  and  swabbed  out  with  a  solution  of 
zinc  chloride,  8  per  cent.,  or  pure  carbolic  acid.  The  soft  parts,  in- 
cluding the  periosteum,  are  sutured,  except  at  the  inner  end  where 
the  gauze  projects.  Later  a  curved  silver  wire  is  inserted,  and  daily 
syringing  with  weak  carbolic  acid  lotion,  etc.,  is  practised.  Finally, 
partial  obliteration  of  the  sinus  is  secured  by  firm  external  pressure. 

Correction  of  intranasal  disease  is  an  important  adjunct,  if  not  pre- 
liminary; the  middle  sinus  and  turbinal  require  special  attention. 
Griinwald  amputates  the  anterior  half  of  the  middle  turbinal.  It 
may  be  advisable  (or  necessary,  Turner)  to  remove  the  whole.  Tlais 
is  the  more  important  where,  as  is  often  the  case,  combined  antral, 
ethmoidal  and  frontal  sinusitis  occur. 

Tilley  rightly  warns  against  septic  osteomyelitis  of  the  frontal  bone, 
which  he  ascribes  (in  eight  or  nine  fatal  cases  collated)  to  non-pro- 
vision for  free  drainage  into  the  nose  at  the  time  of  the  operation. 
The  external  wound  had  been  tightly  sutured,  and  septic  phlebitis  of 
the  diploic  veins  was  set  up.  The  writer  had  under  his  care  a  serious 
case  of  burrowing  subperiosteal  abscesses  over  the  calvarium  from  a 
neglected  frontal  sinusitis. 

Another  form  of  operation,  the  osteoplastic  opening  of  the  frontal 
sinus^  (S.  S.  Golovine,  after  Czernj^),  which,  the  author  saj^s,  "ensures 
a  complete  cure,  with  no  depression  and  scars  scarcely  visible,"  is 
done  as  follows:  A  cutaneous  incision  about  4  cm.  long  is  made  along 
the  upper  edge  of  the  internal  half  of  the  e3^ebrow,  and  at  its  internal 
extremity  another  incision  is  made  obliquely  to  it  following  the  fold 
of  the  corrugator  muscle  of  the  eyebrow.  These  two  incisions  form 
the  letter  T  placed  horizontally,  and  in  depth  they  reach  to  the  peri- 
osteum. The  soft  tissues  forming  the  upper  border  of  the  incision 
can  be  detached  and  lifted  up.    An  arched  incision  of  about  2  cm. 

1  Tn  twenty-five  operations,  thirteen  on  one  side,  and  twelve  on  both  sides,  the  cases  were  cured  in 
from  ten  days  to  two  weeks.   A  number  were  not  disfigured  by  scars.  (ROpke  after  Kuhnt.) 
-  Archives  of  Ophthalmology,  vol.  xxvii.,  No.  3. 
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in  height  is  then  made  through  the  periosteum,  the  base  of  which 
corresponds  to  the  internal  third  of  the  upper  orbital  ridge.  Follow- 
ing the  line  of  incision  made  in  the  periosteum,  a  small  groove  is  hol- 
lowed out  with  a  chisel  which  does  not  penetrate  farther  than  the 
diploe.  Then,  by  means  of  a  thin,  flat,  and  very  wide  chisel,  held 
obliquely,  the  bone  is  cut  out  without  danger  of  entering  the  skull. 
This  httle  piece  of  bone  formed  from  the  anterior  wall  of  the  sinus 
can  be  raised  and  turned  back  like  a  small  shutter,  the  periosteum 
and  soft  tissue  serving  for  hinges  at  its  base.  The  result  of  this  is  an 
opening  sufficiently  large  to  admit  of  complete  examination,  and 
enabling  one  to  perform  a  thorough  curettement.  A  drain  is  passed 
tlirough  the  nose,  the  small  shutter  is  put  back  into  its  primitive 
place,  and  the  wound  is  sutured  and  dressed.  Daily  lavage  through 
the  drain  with  hydrogen  peroxide  is  the  after-treatment. 

Golovine  has  also  used  steam  as  a  caustic  injection  in  empyema  of 
the  frontal  sinus,  passed  tlirough  a  very  small  trephine-opening  at 
the  upper  inner  angle  of  the  orbit  or  through  existing  fistula.  "The 
injection  of  the  steam  should  last  from  one-quarter  to  one-half  of  a 
minute,  and  may  be  repeated  after  several  minutes."  This  offers  a 
sm-e  though  slow  obliteration  of  the  sinus — five  or  six  months'  time. 
Steam  may  also  be  used  as  an  adjuvant  in  operations. 

Ethmoidal  Sinus.  Ethmoidal  disease,  per  se,  not  involving  the 
orbit,  is  treated  intranasally.  Secondary  orbital  periostitis,  cellulitis, 
and  abscess  require  early  deep  incisions,  etc.  (See  Cellulitis.)  In 
chronic  mucocele  or  empyema  of  the  ethmoid  with  distention  and 
tumor-like  projection  into  the  orbit,  a  cm'ved  incision  is  made  from 
just  under  the  inner  third  of  the  eyebrow  to  the  inner  canthus,  keep- 
ing to  the  inner  upper  side  of  the  pulley  of  the  superior  oblique  (H. 
Knapp).  One  may  thus  explore,  curette,  make  drainway  into  nose, 
apply  carbolic  acid,  and  insert  tent,  the  wound  being  then  (almost) 
closed.  AfterAvard  irrigation  of  the  ethmoid  from  in  front  is  done 
daily  or  at  short  intervals,  and  the  tent  renewed  until  the  parts  heal 
or  intranasal  treatment  suffices. 

Sphenoidal  Sinus.  The  sinus  may  be  reached  from  the  orbit  via 
the  ethmoidal  cells,  and  this  has  now  and  then  been  nature's  pathway 
of  relief;  but  except  in  so  far  as  orbital  periostitis  and  celluUtis 
(which  see)  are  set  up  by  it,  the  operative  treatment  of  sphenoidal 
empyema  has  been  almost  wholly  intranasal.  Man}^  cases  of  sphen- 
oidal empyema  have  been  treated  with  a  high  percentage  of  success 
and  fairly  prompt  recovery  by  opening  the  anterior  wall,  curetting, 
and  medicating  (after  ablation  of  the  middle  turbinal).  In  forty-five 
cases  in  thirty-four  patients  the  time  for  cure  was  never  longer  than 
four  months  (Griinwald). 
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THE  LACRYMAL  APPARATUS. 


Anatomy.  The  lacrymal  apparatus  consists  of  the  lacrymal  gland, 
which  secretes  the  tears,  and  the  lacrymal  passages,  through  the 
medium  of  which  the  tears  are  drained  into  the  nose.  The  lacrymal 
gland  is  an  acinous  gland  in  two  parts,  the  larger  of  which  lies  in 
a  depression  in  the  bony  wall  of  the  upper  external  angle  of  the  orbit, 
while  the  smaller  is  placed  somewhat  inferiorly  to  it,  directly  beneath 
the  mucous  membrane  of  the  fornix. 


Both  portions  of  the  gland  pour  out  their  secretion  by  a  series 
of  small  ducts  into  the  upper  outer  portion  of  the  conjunctival  cul- 
de-sac. 

The  excretory  portion  of  the  lacr5mial  system  consists  of  the  puncta 
lacrymalia  and  the  canaliculi.  The  puncta  are  brought  into  view  b}^ 
everting  the  lids,  and  are  seen  as  small  papillae  at  the  inner  extremity 
of  the  lids  at  a  point  where  the  cartilage  terminates.  The  canaliculi, 
the  two  fine  canals  which  are  the  continuations  of  the  puncta,  at 
first  run  vertically,  but  soon  turn  into  a  horizontal  axis  and  empty 


Fig.  105. 


/ 


Section  of  lacrymal  sac.  (Arlt.) 
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into  the  laciymal  sac.  The  lacrymal  sac  (Fig.  105)  is  situated  in  a 
fossa  at  the  inner  angle  of  the  orbit  and  terminates  in  the  lacrymal 
duct.  When  distended,  the  sac  is  about  12  mm.  long  and  has  a 
diameter  of  about  6  mm.  It  is  narrowest  at  its  termination  into 
the  duct,  making  this  point  a  favorable  one  for  the  development  of 
strictures.  The  anterior  boundary  of  the  sac  is  formed  by  the  in- 
ternal lid  ligaments,  and  it  is  believed  that  the  contraction  of  these 
aids  the  natural  elasticity  of  the  walls  of  the  sac  in  the  expulsion 
of  its  contents  into  the  nasal  duct. 


Fig.  106. 


Duct  seen  through  the  maxillary  sinus.  The  projection  which  the  canal  makes  in  this  position 
forms  a  cone  with  its  base  below  directly  continuous  with  the  inferior  meatus.  The  apex  is  directed 
upward  and  anteriorly  into  the  lacrymal  sac.  The  axis  of  the  canal  is  oblique  from  above  down- 
ward, from  before  backward,  and  from  within  outward  ;  continued  to  the  dental  arch  it  is  seen  to 
terminate  at  the  second  molar,  while  its  superior  or  frontal  extremity  bisects  the  superciUary  ridge 
2  cm.  external  to  the  median  line ;  the  transverse  line  traced  over  the  wall  of  the  sinus  indicates 
the  point  where  the  canal  empties  into  the  inferior  meatus.  Two  pins  introduced  into  the  canaliculi 
show  the  place  of  common  opening  into  the  sac. 

The  duct  (Fig.  106)  varies  in  length  from  12  mm.  to  20  mm.,  and  in 
diameter  from  3  mm.  to  4  mm.  Its  general  direction  is  expressed  best 
by  a  line  drawn  from  the  inner  canthus  to  the  interval  between  the 
second  premolar  and  the  first  molar  tooth  of  the  upper  jaw.  It  ter- 
minates in  the  nasal  fossa  below  the  inferior  turbinate  body.  The 
mucous  membrane  of  the  lacrymal  apparatus  is  continuous,  but  differs 
somewhat  in  the  different  parts,  that  of  the  canaliculi  being  lined  with 
laminated  pavement  epithelium,  and  that  of  the  lacrymal  sac  and 
duct  with  a  layer  of  cylindrical  epithelium.   Owing  to  the  projection 
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of  the  mucous  membrane  at  certain  points,  a  series  of  valves  is 
fornied,  the  largest  of  which,  Hasner's  valve,  is  situated  at  the 
inferior  termination  of  the  duct.  In  the  duct  the  mucous  mem- 
brane is  connected  by  areolar  tissue  with  the  periosteum,  but  is 
separated  from  it  by  a  thick  venous  plexus  which  has  the  properties 
of  cavernous  tissue. 

Though  the  moistening  of  the  eyeball  is  chiefly  effected  by  the 
action  of  the  lacrymal  gland,  a  secretion  is  poured  out  by  the  con- 
junctiva and  its  mucous  glands  as  well.  It  is  for  this  reason  that  the 
eye  may  still  be  kept  moist  after  removal  of  the  gland. 

After  the  tears  have  lubricated  the  eyeball  they  are  sucked  into 
the  canaliculi  by  the  action  of  the  lids  in  forcing  the  fluid  into  the 
inner  angle  of  the  eye  and  through  the  medium  of  the  ligaments  in 
dilating  the  sac.  Their  passage  from  the  sac  into  the  nose  is  due 
partly  to  the  weight  of  the  fluid,  but  chiefly  to  the  elasticity  of  the 
sac. 

Diseases  of  the  Lacrjrmal  Apparatus. 

Dacryoadenitis.  Inflammation  of  the  lacrymal  gland  is  very  rare. 
It  may  be  acute  or  chronic. 

In  the  acute  form  the  outer  end  of  the  upper  lid  beneath  the  brow 
becomes  swollen,  red,  and  tender,  with  more  or  less  severe  pam,  and 
inability  to  raise  the  lid,  save  near  the  inner  canthus.  The  eyeball 
may  be  displaced  downward  and  inward.  The  focal  swelling  is  not 
in  the  li(l  proper,  as  in  phlegmon  of  the  latter.  The  adenitis  may  be 
symmetrical,  so-called  lacrymal  mumps,  and  occur  with  parotitis. 
It  may  be  caused  by  trauma,  toxic  invasion,  cold,  etc.,  and  it  has 
occurred  by  metastasis  in  urethral  blennorrhoea,  and  as  a  primary 
syphilitic  "symptom."  It  may  end  in  resolution,  suppuration,  or 
the  chronic  form. 

Treatment.  Leeches,  iced  compresses,  hydrarg.  submur.,  sudorifics, 
and  laxatives.  If  the  pain,  swelling,  etc.,  increase,  hot  fotus  and 
cataplasms  should  be  used;  and  on  sign  of  pointing  the  phlegmon 
should  be  opened,  preferably  in  the  cul-de-sac,  to  avoid  external 
fistula. 

Chronic  adenitis  may  be  subacute  in  its  onset,  or  mere'y  show 
slight  redness  of  the  upper  lid,  which  is  more  or  less  prominent. 
The  swollen  gland  can  be  felt  below  the  bony  rim,  and  there  is  little 
or  no  pain  or  tenderness.  Now  and  then  this  form  is  tertiary  and 
gummatous. 

Treatment.  Topically,  ungt.  hydrarg.,  hydrarg.  oleat.,  or  tinct. 
iodin.;  mternally,  potassium  or  sodium  iodide,  raising  the  dose  to 
gr.  XXX.,  or  even  gr.  Ix.,  t.  i.  d.,  if  well  borne,  and  giving  pilocarpine 
in  addition  in  dose  to  cause  profuse  sweating,  daily  or  on  alternate 
days,  for  ten  to  fifteen  times. 

In  suppurative  inf  ammation  of  the  accessory  or  palpebral  portion 
of  the  lacrymal  gland  there  is  a  tense,  tender  swelling  in  the  outer 
upper  part  of  the  upper  lid,  with  hypertemia  and  localized  chemosis 
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at  the  site  of  the  small  ovoid  tumor  which  projects  into  the  cul-de- 
sac.  This  shortly  points  and  opens  into  the  fissure.  There  is  little 
systemic  distm'bance. 

Treatment.  Early  application  of  the  lead-and-spirit  lotion  on  com- 
presses may  arrest  it.^   If  ineffective,  hot  fomentations  are  in  order. 

Hjrpertrophy  of  the  lacrymal  gland  is  very  rare.  It  may  be  due 
to  recm-rent  inflammatory  attacks,  occurs  most  often  in  children, 
and  maybe  congenital.  The  gland  increases  in  size  very  slowly,  and 
there  is  a  notable  absence  of  external  signs  of  inflammation.  The 
tumor  is  circumscribed,  somewhat  firm,  elastic,  and  nodulated.  In 
time  it  may  displace  the  eyeball  and  limit  its  movements. 

Treatment.  Treatment  by  pot.  iodid.,  especially  in  adults,  in  whom 
the  affection  may  really  be  a  chronic  tertiary  adenitis,  should  be 
pushed,  large  doses  being  given  if  tolerated.  External  applications 
of  ungt.  hydrarg.,  tinct.  iodin.,  etc.,  may  be  used.  In  genume  hyper- 
trophy, however,  operation  is  generally  required,  a  part  or  the  whole 
of  the  gland  bemg  removed. 

Atrophy  of  the  gland  occurs  in  xerophthalmia.  It  is  said  to  be 
secondary  to  destruction  of  the  lacrymal  sac,  but  this  is  certainly 
not  a  necessary  result. 

Fistula  is  caused  by  injury  or  abscess.  It  may  be  cured  by  the 
use  of  caustic  or  the  cautery  point,  or  by  passing  a  suture  with  two 
needles  into  it  and  on  through  the  conjunctiva,  and  tying  both  ends 
over  a  bridge  of  the  latter  at  the  fornix,  or  by  making  a  counter- 
opening  for  drainage  into  the  cul-de-sac  by  means  of  a  suture  as  a 
seton.  These  steps  failing,  removal  of  the  gland  is  indicated.  In 
one  case  in  which  the  writer  did  extirpation  the  tears  were  escaping 
on  the  temporal  side  of  the  orbital  rim. 

Tumors  of  the  lacrymal  gland  are  very  rare.  Adenoma,  adeno- 
angioma,  angioma,  epithelioma,  enchondroma,  osteochondroma, 
lymphosarcoma,  carcinoma,  cysts,  and  dermoid  growths  have  been 
reported ;  also  miliary  tubercle  in  general  miliary  tuberculosis.  The 
diagnosis  has  to  be  worked  out  in  each  case  as  far  as  may  be,  and  as 
an  aid  a  tentative  course  of  potassium  or  sodium  iodide  in  large 
doses  may  be  useful,  if  not  decisive.  Excision  should  be  done  early, 
so  as,  if  possible,  to  circumscribe  the  neoplasm.  Calcareous  con- 
cretions (dacryoliths)  sometimes  occur  in  the  gland  or  duct  and  act 
as  foreign  bodies.  They  show  through  the  conjunctiva,  and  should 
be  removed  by  incision. 

Dacryops.  Cyst  of  the  lacrymal  gland  appears  as  a  bluish-pink, 
semitransparent,  elastic  swelling  of  varying  size  showing  beneath  the 

•  The  following  anodyne  astringent  mixture  applied  on  compresses  or  under  an  ice-bag  is  very 
useful  In  inflammation  of  the  eyelids,  tear-sac,  or  gland  : 

Plumb,  acetat.,        grs  v. 
Acid,  acetic,  dil.,      ITl  v. 
Atrop.  sulph.,  pr  %  to  14. 

Morph.  snlph.,         pr.  j. 
Alcohol.,  5j. 
Aquse,  ad  Sj. 
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conjunctiva  at  the  cul-de-sac,  and  if  large  causes  prominence  of  the 
upper  lid.  The  swelling  becomes  at  once  distinctly  larger  if  the 
subject  cries  or  the  gland  is  stimulated  from  any  cause.  It  is  gen- 
erally due  to  closure  of  an  excretory  duct  with  retention  of  tears  and 
distention  of  the  part  of  the  duct  and  gland  involved.  It  may  be 
congenital.  The  treatment  aims  at  securing  a  permanent  opening 
by  incision  or  the  use  of  a  sutm-e,  by  which  fistula  in  the  con- 
junctiva is  produced.  Where  there  is  a  cystic  tumor  or  hydatids 
of  the  gland,  the  radical  operation  may  be  necessary,  or  treat- 
ment of  the  lining  of  the  sac  by  tinct.  iodin.,  argent,  nit.,  or  acid, 
carbol.  after  evacuation,  wdth  iced  compresses  to  prevent  undue 
reaction. 

Dislocation  of  the  lacrymal  gland  is  almost  wholly  due  to  trauma 
in  young  subjects,  in  whom  the  orbital  rim  is  ill  developed.  In  case 
of  lesion  the  gland  may  present  in  the  wound,  or  there  may  be  an 
almond-like  tumor  at  the  upper  and  outer  part  of  the  eyeball,  or  a 
movable  tumor  under  the  lid.    Gradual  luxation  may  occm-. 

Treatment.  Reposition  may  be  possible,  and  if  not,  excision  may 
be  re(:[uired;  and,  again,  interference  may  not  be  called  for. 

Epiphora.  Normally  there  is  only  sufficient  lacrymal  secretion  to 
keep  the  eye  moist,  and  there  is  no  stream  of  fluid  passing  through 
the  puncta.  A  flow  occurs  only  where  there  is  hypersecretion,  so- 
called  lacrymation.  When  there  is  much  lacrymation  the  natural 
lacrymal  passages  are  inadequate,  and  the  tears  collect  in  the  lacus 
or  they  overflow— a  condition  termed  epiphora.  Defective  drain- 
age does  not  account  for  the  surplus  often  present;  the  gland  fre- 
quently acts  in  case  of  stricture  of  the  canaliculus  or  duct  as  if 
there  were  a  foreign  body  to  be  swept  away.  A  most  marked  case 
of  epiphora  of  years'  standing  was  cured  in  two  days  by  simply 
opening  the  canaliculus  into  the  sac.  Epiphora  may  result  from 
hyperemia  or  inflammation  of  the  intra-ocular  tissues  or  of  the  con- 
junctiva, cornea,  and  lid-edges;  injuries  of  or  foreign  bodies  on  the 
eye  or  beneath  the  eyelids,  when  it  will  be  sudden;  malposition  of 
the  lid-edges  or  of  the  puncta,  and  atresia  of  the  puncta  or  canal- 
iculus; mucocele  (catarrh  of  the  sac  with  dilatation),  stricture  of  the 
nasal  duct  and  lacrymal  fistula;  also  rhinitis  or  defect  in  the  turbinals. 
Young  subjects  Avith  chronic  coryza  and  boggy  turbinals  often  have 
epiphora,  which  ceases  when  the  nasal  trouble  is  cured.  Lacrymation 
may  also  be  due  to  reflex  irritation,  mainly  through  the  medium  of 
the  fifth  nerve;  sympathy  with  the  fellow  eye  and  emotional  causes 
are  well  known.  Eyestrain  as  a  factor  is  to  be  borne  in  mind.  Some 
cases  of  habit  lacrymation  are  due  to  it. 

A  rare  cause  of  epiphora  is  blocking  of  the  canaliculus  by  concre- 
tions of  Streptococcus  Foersteri.  It  also  arises  from  notching  of  the 
lower  lid,  and  from  flaccidity  of  the  lids  due  to  loss  of  tone  of  the 
orbicularis,  and  in  paralysis  of  the  latter  it  is  most  annoying,  the 
interspace  between  the  globe  and  lower  lid  being  filled  with  tears 
which  often  overflow — lagophthalmos. 
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As  other  and  serious  lacrymal  troubles  are  generally  preceded  by 
epiphora,  its  cause  should  be  early  found  out  and  dealt  with.  This 
may  require  some  study.  Two  or  more  of  the  conditions  cited  may 
coexist,  either  of  which  would  suffice — e.  g.,  chronic  conjunctivitis 
and  contracted  or  everted  punctum,  rhinitis  and  associated  conjunc- 
tivitis, optical  defect,  blepharitis,  etc. 

Puncta  and  Canaliculus.  Closure  of  the  puncta  (atresia)  is  rare 
It  may  be  congenital  or  due  to  shrinking  after  inflammation  or  injury, 
malposition,  etc.  The  punctum  should  be  reopened  and  stretched 
a  few  times  by  a  silver  pin,  blunt  needle,  or  fine  sound.  Small,  even 
minute  puncta  may  not  cause  epiphora,  but  it  does  occur  when 
their  contraction  arises  from  thickening  of  the  mucous  lining  and 
hypertrophy  of  the  sphincter  fibres,  due  to  chronic  or  recurrent  con- 
junctivitis, blepharitis,  etc.  The  puncta  then  resist  stretching  by 
the  fine  sound,  and  grip  it  like  solid  rubber — too  tightly  for  mere 
spasm.  If  after  several  forcible  dilatations  there  is  but  little  change, 
the  inner  wall  of  the  punctum  should  be  snipped  vertically  with  fine 
scissors,  to  make  a  permanent  patulous  slit,  and  in  atresia  proper 
tliis  has  to  be  done  if  a  trial  of  stretching  fails.  The  treatment  of 
inversion  of  the  punctum  is  that  of  the  entropion,  etc.,  which  causes  it. 

In  eversion  of  the  punctum  due  to  sagging  of  the  lower  lid  or  to 
slight  ectropion,  the  canaliculus  should  be  slit  and  its  inner  lip  and 
a  segment  of  conjunctiva  cut  away,  making  a  triangular  raw  surface 
with  base  out.  This  in  heaHng  often  corrects  the  faulty  position  and 
the  epiphora.  Reposition  of  the  everted  punctum  caused  by  eczema, 
etc.,  of  the  lid  generally  follows  cure  of  the  latter.  It  may,  however, 
be  necessary  to  open  the  canaliculus  well  down  on  its  inner  wall 
with  scissors.  In  paralysis  of  the  orbicularis  (facial)  more  has  to  be 
done,  and  tarsorrhaphy  (see)  is  needed,  and  the  better  to  raise  and 
tighten  the  limp  lower  lid  its  inner  end  is  made  raw  just  below  the 
canah cuius,  and  is  stitched  to  a  raw  spot  at  the  junction  of  the  upper 
lid  and  nose,  or  instead  two  small  flaps  are  made  and  stitched  to- 
gether (H.  Noyes). 

Stenosis  of  the  canaliculi,  unless  congenital,  is  as  a  rule  at  the 
inner  end  next  the  sac,  and  care  is  needed  in  dilating  the  stricture  to 
avoid  making  a  false  passage.  The  lid  being  made  taut  by  traction 
with  the  finger-tip  on  the  malar  process,  a  small  probe,  No.  2  B, 
or  3  T.,^  is  passed  vertically  into  the  punctum,  then  horizontally 
along  the  canaliculus  in  the  line  of  least  resistance,  at  the  roof,  as 
a  rule,  with  a  rotary  motion,  if  needed,  to  avoid  piercing  the  mucous 
folds.  Then,  if  a  slight  push  inward  or  downward  causes  a  distinct 
wrinkling  of  the  skin  at  the  inner  canthus,  the  sac  has  not  been  en- 
tered, and  gentle  pressure  should  be  used  to  force  the  constriction. 
The  outer  wall  of  the  sac  will  often  yield  enough  before  the  probe 
to  mislead  the  inexperienced  operator,  and  the  point  being  forced 

'  Theobald's  set  is  of  IG  sizes :  No.  1  has  a  diameter  of  0.25  mm. ;  No.  2,  of  0.50  mm. ;  and  so  on  :o 
No.  16,  which  is  4  mm.  Bowman's  set  is  of  6  sizes :  "  reaching  from  a  fine  hair  probe,  No.  1,  to  one 
of  one-twentieth  of  an  incli  in  diameter.  No.  6." 
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downward,  passes  through  the  wall  itself,  and,  it  may  be,  between 
the  duct  and  the  bony  canal.  To  facilitate  dilatation  of  the  stricture, 
a  boring  motion  may  be  tried  and  a  smaller  probe  or  special  sound 
used  (as  Theobald's  new  model).  The  stricture  should  be  stretched 
to  take  No.  4  or  5  B.  or  T.,  which  should  be  passed  every  day  or 
two  for  at  least  a  few  times. 

Rarely  the  canaliculus  is  the  seat  of  a  fungus  (streptothrix),  and 
presents  an  ovoid  swelling,  with  viscid  discharge  from  the  patulous 
punctum ;  the  caruncle  and  fold  are  hyperiEinic  and  the  eye  irritable 
and  watery.  The  fungous  mass  (dacryolith)  may  be  expelled  tlii-ough 
the  nasal_  duct  by  syringing  per  punctum.  In  this  way  in  one  case 
of  the  writer's,  with  swelling  of  the  sac  and  seeming  incipient  cystitis, 
a  globular  mass  of  the  size  of  a  large  currant  was  forced  out  whole 
by  the  anterior  naris,  and  the  one  flushing— with  liq.  hydrarg.  per- 
chlor.  dil— sufficed.  In  another  the  canaliculus  had  to  be  opened; 
the  lumen  was  found  greatly  enlarged,  and  the  lining  much  inflamed. 
The  curette  had  to  be  used,  with  after-treatment  by  sol.  hydrarg. 
perchlor.  and  protargol. 

Fig.  107. 


AneVs  lacrymal  syringe. 


The  Dud.  The  anatomy  of  the  nasal  duct  goes  far  to  show  the 
ease  with  which  some  fault  may  arise  to  cause  epiphora,  to  wit,  the 
continuity  of  its  lining  with  that  of  the  nasal  mucous  membrane, 
and  of  its  submucous  venous  plexus  with  the  erectile  cavernous  tissue 
of  the  turbinals. 

There  is  also  the  fact  of  the  lacrymal  tube  lying  in  a  bony  canal, 
the  periosteal  lining  of  which  may  play  some  part — e.  g.,  in  scrofula, 
syphilis,  rheumatism,  etc.  Engorgement  of  the  submucous  caver- 
nosa, easily  set  up,  and  catarrhal  inflammation  of  the  mucous  lining 
by  extension  may  singly  or  together  close  the  lumen  and  cause 
epiphora.  Folds  in  the  mucous  membrane  at  the  top  of  the  duct 
where  it  is  narrow,  and  at  its  nasal  end,  if  not  in  the  middle,  add  to 
the  mechanical  effect  of  inflammation  and  turgescence.  Recurrent 
inflammation  set  up  by  nasal  disease  may  lead  to  structural  changes 
in  the  mucous  membrane  of  the  duct,  infiltration,  swelling,  hyper- 
trophy, and  induration,  and  also  ulceration  with  dense  cicatrix,  and 
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thus  cause  partial  stenosis  or  complete  stricture,  with  secondary 
implication  of  the  sac.    (See  Mucocele.) 

One  can  test  fairly  well  the  patency  of  the  nasal  duct  by  syringing, 
the  blunt  fine  tip  of  a  hypodermic  or  of  a  lacrymal  syringe  (Anel's) 
(Fig.  107)  being  passed  into  the  sac;  fluid  injected  under  gentle 
pressure  should  find  vent  by  the  anterior  or  posterior  naris.  To  give 
the  test  value,  the  canaliculus  should,  of  course,  be  patent,  and  the 
other  punctum  should  be  closed  by  pressure.  To  pave  the  way  for 
probes,  and  also  to  test  whether  or  not  a  constriction  found  is  due 
to  organic  changes — e.  g.,  stricture — or  only  to  vascular  turgescence, 
the  injection  into  the  duct  of  sol.  adrenahn  chloride  1.5  :  8000,  with 
sol.  cocaine,  5  per  cent.,  is  useful. 

To  explore  the  nasal  duct,  a  No.  4  B.  or  T.  probe  is  passed  through 
the  canaliculus  (as  cUrected)  and  pushed  on  until  the  finger-nail 
resistance  of  the  lacrymal  bone  at  the  inner  wall  of  the  sac  is  felt. 
Then,  the  point  of  the  probe  being  kept  against  the  inner  wall  of 
the  sac,  its  axis  is  changed  to  the  vertical,  and  pressure  is  made  down- 
ward and  slightly  backward,  to  coincide  with  a  line  from  the  inner 
end  of  the  caruncle  to  the  point  of  junction  of  the  ala  and  cheek. 
A  No.  4  Bowman  probe  is  safer  to  begin  with  than  a  No.  2,  and 
the  length  as  well  as  the  line  of  direction  of  the  canal  should  be 
kept  in  mind,  else  a  stricture  at  its  lower  end  may  not  be  passed 
— a  mistake  too  often  made.  It  is  a  good  rule  to  gauge  the  buried 
part  of  the  probe;  it  should  reach  from  the  caruncle  to  the  edge 
of  the  ala. 

Treatment.  The  treatment  of  simple  epiphora  due  to  catarrhal 
conditions  in  the  duct  consists  in  a  short  course  (of  ten  to  twenty 
sittings  in  four  to  six  weeks)  of  careful  probing  of  the  duct  with  the 
largest  sound  the  unslit  punctum  or  canaliculus  will  take,  6  Bowman 
or  5  Theobald,  and  gentle  syringing  with  mild  astringent  solutions — 
e.  g.,  1  gr.  sol.  zinc  sulph.,  zinc  chloride,  etc.  This,  with  attention 
to  any  conjunctivitis,  blepharitis,  nasal  trouble,  or  eyestrain,  will 
tide  not  a  few  over  one,  two,  or  three  years,  and  in  cases  of  relapse 
a  few  visits  may  suffice  to  secure  a  like  respite.  But  should  a  fair 
trial  of  such  probes  early  fail,  the  canaliculus  should  be  split  (see 
Bowman's  operation)  that  larger  ones  may  be  used.  In  some  cases 
a  short  treatment  every  six  months  may  be  needed  to  correct  nar- 
rowing, due  mainly  to  chronic  or  recurrent  rhinitis. 

Although  the  epiphora  of  conjunctivitis,  blepharitis,  keratitis,  etc., 
is  incidental,  one  can  at  times  give  relief  and  promote  cure  by  atten- 
tion to  a  contracted  or  displaced  punctum,  or  by  enlarging  the  lumen 
of  the  canaliculus  and  duct  by  the  use  of  probes.  This  course  should 
not  be  neglected  in  some  forms  of  chronic  or  recurrent  keratitis  in 
young  subjects  as  well  as  in  adults,  in  which  treatment  also  of  any 
nasal  affection  is  a  necessary  adjunct. 

Slitting  the  Canaliculus  (Bowman's  Operation)  .  The  punctum 
if  contracted  is  first  stretched  with  the  fine  conical  sound,  and  a 
2  per  cent,  to  5  per  cent,  solution  of  cocaine  is  then  injected  into 
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the  canaliculus,  and  the  patency  of  the  latter  ensured  by  passing  a 
No.  4  B.  or  T.  into  the  sac.  If  this  be  not  done,  a  false  passage  is 
apt  to  be  made  above  a  stricture  in  the  canahculus.  The  lower  lid 
being  made  taut  by  traction  toward  the  malar  process,  and  slightly 
everted,  the  blunt-tipped  or  probe-pointed  knife  (Fig.  108)  is  passed 


Fro.  108. 


Weber's  canaliculus  kuife. 


into  the  punctum  vertically;  the  handle  is  then  dipped,  and  the  knife 
with  the  cutting  edge  up  and  in  is  pushed  on  past  the  caruncle  until 
the  sac  is  entered,  when  the  handle  is  brought  again  to  the  vertical, 
the  upper  inner  wall  of  the  canaliculus  being  divided  to  the  caruncle, 
or  to  the  sac,  as  desired.  In  cases  of  mucocele,  where  syringing  or 
irrigation  and  the  use  of  larger  probes  will  follow,  a  freer  opening 


Fig.  109. 


Method  of  inserting  Bowman's  probe.   (Norris  and  Oliver.) 


is  required,  and  the  sac  should  be  entered  and  cut  upward.  Care 
should  always  be  taken  not  to  injure  the  floor  of  the  canaliculus, 
which  would  cause  risk  (not  imaginary)  of  fusion  of  the  walls; 
traumatic  stricture  is  a  serious  bar  to  a  good  result.    (Figs.  109  and 
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110.)  Again,  if  a  false  passage  is  made  over  a  stricture  in  the  canal- 
iculus, failure  is  courted,  for  a  few  days  after  the  course  of  probing 
stops,  the  new  canal  may  contract  or  close. 

Some  prefer,  as  does  the  writer,  to  use  fine  but  not  sharp-pointed 
curved  scissors  in  lieu  of  the  knife  when  the  sac  wall  has  not  to  be 
opened.  With  the  lower  lid  everted  and  made  taut,  one  point  being 
pushed  into  the  canaliculus  with  convexity  toward  the  eyeball,  a 
single  snip  makes  a  curved  cut  on  the  inner  wall,  which  is  hidden 
from  view — a  point  in  its  favor  with  females.  The  raw  lips  if  kept 
apart  a  few  days  heal  separately  The  majority  of  operators  choose 
the  lower  canaliculus,  but  some  always  slit  the  upper.  In  this  case 
the  upper  lid  is  drawn  tightly  toward  the  brow,  care  being  taken  not 
to  cut  the  front  wall  (skin).  Some  open  both  canals  (rarely  needed), 
while  others — not  a  few — will  not  cut  either,  and  use  only  such 
probes  in  the  duct  as  can  be  passed  tlirough  the  intact  canaliculi. 


But  more  violence  may  be  done  by  forcing  probes  than  by  a  clean 
cut;  besides,  Bowman's  operation  does  not  interfere  with  the  normal 
action  of  the  drainage  system.  It  also  permits  of  the  use  of  large 
probes,  tends  to  ward  off  acute  cystitis,  and  enables  patients  to  use 
the  syringe  themselves  in  the  after-treatment. 

Mucocele.  This  is  a  subacute  cystitis  of  the  lacrjmial  sac  in  which 
the  latter  becomes  distended  by  the  pent-up  secretion  from  its  in- 
flamed lining  membrane,  together  with  tears.  It  is  secondary,  as  a 
rule,  to  stricture  of  the  nasal  duct,  and  this,  in  turn,  to  recurrent 
or  chronic  rhinitis.  Fortunately,  it  is  often  one-sided,  as  indeed  nasal 
deformity  or  disease  proves  to  be.  Mucocele  mostly  develops  insid- 
iously, as  does  the  nasal  stricture,  and  there  is  often  simple  epiphora 
of  varying  degree  due  to  the  latter,  for  months,  if  not  years,  before 
the  cystitis  supervenes.  The  retention  of  tears  and  the  presence^  of 
organisms  in  the  sac  tend  to  light  up  hyperemia  of  its  lining,  with 
secretion  first  of  mucus  and  later  of  mucopus,  and  gradual  disten- 
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Fig.  111. 


Bowman's  probe  in  position. 
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tion  ensues.  The  subject  then  finds  that  there  is  a  doughy  swelHng 
at  the  inner  canthus  which  yields  discharge,  and,  getting  rehef  from 
repeated  emptying  of  the  sac  by  means  of  the  finger-tip,  continues 
the  practice.  Inspection  and  palpation  show  the  contrast  between 
the  two  sides,  the  lacrymal  crest  and  mouth  of  the  duct  being 
readily  felt  on  the  sound  side.  If  there  is  a  lumpy  feeling  after  empty- 
ing there  is  likely  much  thickening  of  the  fining,  or  a  polypus. 
(Fig.  111.) 

Mucocele  may  persist  for  3^ears,  causing  annoyance  only  by  the 
epiphora  and  the  blurring  of  sight  by  flecks  of  discharge  from 
the  sac  or  conjunctiva.  Conjunctivitis  and  blepharitis  are  often 
present.  If  absent  and  the  punctum  acting,  epiphora  itself  may  be 
wanting.  There  is,  however,  always  the  risk  of  acute  inflammation, 
and  subacute  attacks  are  not  infrequent.  Besides,  the  contents  of 
the  sac  being  charged  with  organisms,  infective  ulcer  of  the  cornea 
may  occur  from  slight  abrasion,  etc.,  and  the  eye  be  lost.  The 
subjects  of  mucocele  should  always  be  warned  of  their  danger,  and 
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Bowman's  probes. 


where  it  is  present  the  globe  should  not  be  opened.  Proper  treat- 
ment should  first  be  instituted.  Many  eyes  have  been  lost  by  post- 
operative sepsis  due  to  mucocele. 

In  the  case  of  a  large  duct  with  partial  stricture  the  contents  of 
the  sac  may  escape,  or  be  forced  from  time  to  time  into  the 
nose.  If  this  avenue  becomes  closed,  or  if  in  confirmed  stricture 
of  the  duct  the  wonted  discharge  by  the  canaliculi  is  stopped,  owing 
to  swelling,  the  tension  of  the  sac  may  lead  to  acute  cystitis  or  to 
great  stretching  with  a  capacity  of  a  drachm  or  more.  The  real 
size  often  does  not  show  because  the  sac  dips  backward.  As  a  final 
stage  of  neglected  mucocele  atrophy  of  the  thimied  mucous  lining  of 
the  greatly  enlarged  sac  may  occur,  and  the  latter  become  a  mere 
cistern  for  the  tears  (the  "Atony  and  Dropsy"  of  Fuchs). 

Treatment.  This  consists  mainly  in  cure  of  the  stricture  by  the 
systematic  use  of  probes.  The  first  step  in  a  course  of  probing  in 
mucocele  is  to  slit  the  canahculus  (page  221),  and  then  to  wash  out 
the  sac  by  syringing  with  a  4  per  cent.  sol.  acid,  boric,  or  sol.  hydrarg. 
perchlor.,  1  :  3000.  It  is  unsafe  to  probe  the  duct  until  this  is  done, 
unless  it  holds  merely  mucus  and  tears,  and  even  then  it  is  unwise, 
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for  the  sac  being  a  favorable  culture  bed,  organisms  may  gain 
access  to  the  tissues  around  through  an  abrasion  or  false  passage, 
and  set  up  septic  inflammation.  Orbital  cellulitis,  optic  neuritis, 
atrophy,  and  blindness  may  result.  In  syringing  after  probing,  no 
force  should  be  used,  else  weak  spots  in  the  sac  wall  may  give  way 
before  vent  is  had  by  the  duct.  Where  irrigation  is  used  instead 
of  syringing,  the  sac  and  duct  being  flushed  with  a  quantity  of  fluid 
on  the  siphon  plan,  a  method  preferred  by  some,  the  patency  of  the 
duct  should  be  tested  before  pressure  is  made. 

The  object  of  probing  is  to  restore  the  normal  calibre  of  the  nasal 
duct  at  the  strictured  points,  with  a  view  to  present  drainage  and 
future  patency.  Views  differ  as  to  the  best  method:  some  will  not 
slit  the  canaliculus,  others  will  not  use  larger  probes  than  6  Bowman. 
Not  to  do  the  Bowman  operation  and  to  continue  using  probes  which 
will  pass  the  intact  canahculus,  ignores  cases  for  which  the  best  can- 
not be  done  unless  large  probes  are  used,  and  such  cases  are  not  few. 
Large  nasal  ducts  are  often  found  in  mucocele,  and  with  one  or  more 
ring-like  ledges  having  a  lumen  of  1.5  mm.  to  2  mm.,  which  take  the 
largest  Bowman  probe.  (Fig.  112.)  Again,  the  bony  duct  in  the 
same  subject  may  differ  in  size;  on  the  side  of  the  large  canal  there 
may  be  mucocele,  and  on  the  other  simple  stricture.  The  latter  will 
probably  yield  to  ordinary  probes,  which  would  be  of  little  or  no  use 
in  the  former;  hence  the  eclectic  plan  is  a  safe  rule  and  the  best  in 
the  end.  Gauge  the  probe  to  the  duct,  and  try  large  ones  when 
smaller  fail.^ 

After  injecting  5  per  cent,  of  cocaine  and  1 :  5000  sol.  adrenalin, 
a  No.  4  B.  or  5  T.  should  be  tried  first;  and  if  it  fits  tightly,  it  should 
be  left  in  a  few  minutes;  if  not,  higher  numbers  are  at  once  tried, 
and  on  the  next  visit  a  size  larger  than  that  last  used. 

Probing  should  be  done  on  alternate  days  for  two  or  three  weeks, 
and  then  twice  a  week  for  a  month,  or  until  the  sac  has  ceased  to 
secrete,  when  a  few  visits  at  intervals  of  ten  days  may  suffice.  If, 
after  the  first  two  or  three  visits,  probing  causes  only  transient  pain, 
one  may  then  safely  use  the  largest  size  passed  under  firm  pressure, 
the  probes  being  left  in  fifteen  to  thirty  minutes.  But  if  the  pain 
lasts  several  hours  in  spite  of  cold  compresses,  and  there  is  aching 
in  the  bone  the  next  day,  there  is  risk  of  periostitis,  and  a  rest  of 
several  days  should  be  given.  Syringing  or  irrigation  should,  how- 
ever, be  kept  up  steadily,  daily  if  possible,  for  its  astringent  and 
curative  effect,  not  only  on  sac  and  duct  proper,  but  the  lower  tur- 
binal.  In  young  or  very  nervous  subjects,  and  where  one  is  asked 
to  do  the  most  in  the  least  time  (and  this  occurs  too  often),  general 
anesthesia  is  required.  This  allows  rapid  and,  where  needed,  forced 
dilatation,  and  the  insertion  of  the  largest  styles  taken.    This  plan 

'  Theobald  uses  his  No.  16  "  in  about  two-thirds  of  all  cases  requiring  probing,  including  those  in 
children  as  well  as  adults,  and  the  cases  in  which  No.  13  may  not  be  used  with  advantage  are 
extremely  rare."  He  reports  the  exceptions  rare  to  permanent  cure  where  this  line  is  faithfully 
followed. 
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suits  in  young  subjects,  the  style  being  left  in  a  few  days  at  least 
and  in  older  ones  it  can  be  raised  daily,  if  needful,  to  empty  or  flush 
the  sac.  (See  Styles.)  Electrolysis  has  been  tried  in  order  to  get 
quicker  and  more  lasting  effect  upon  strictures  than  that  by  simple 
probing  or  the  use  of  styles.  The  negative  pole  is  connected  with 
the  probe  in  situ,  and  the  sponge  of  the  positive  is  applied  to  the  cheek 
or  neck,  the  strength  of  the  current  not  to  exceed  thj-ee  miUiamperes, 
and  time  of  sittings  from  two  to  five  minutes.  The  method,  which 
is  worthy  of  trial,  has  met  with  some  favor,  though  not  largely  used, 
and  it  is  still  sub  judice.  Cataphoresis  is  also  on  trial  to  a  limited 
extent.  Solution  of  nitrate  of  silver  and  protargol  have  been  used  in 
purulent  blennorrhoea  of  the  sac  and  duct.  Less  often  than  formerly 
strictures  of  the  duct  are  first  freely  divided  to  the  bone  by  the  Still- 
ing or  other  knife,  and  at  once,  or  shortly,  and  from  time  to  time,  the 
Weber  biconical  or  other  large  sound  is  passed.  An  after-course  of 
syringing  may  not  be  necessary  when  the  sac  is  not  large  and  the 
secretion  scant  and  free  from  pus;  but,  as  a  rule,  it  is  a  most  useful 
adjunct.  In  view  of  the  return  of  the  stricture  and  of  the  blennor- 
rhoea in  not  a  few  cases  of  mucocele,  even  after  careful  treatment, 
some  are  content  merely  to  slit  the  canaliculus,  dispense  with  probing, 
and  rely  upon  syringing  of  the  sac  with  astringents,  etc.,  at  home. 
The  so-called  Berlin  lacrymal  syi-inge,  with  bulb  and  two  points, 
hard  rubber  and  metal,  is  a  useful  form  for  this  purpose.  Some 
excise  a  part  only  of  the  sac  wall,  and  curette  the  rest,  or  treat  it 
toi)ically  with  sol.  argent,  nit.,  etc.,  and  shortlj'  allow  the  wound  in 
the  skin  to  close.  Tliis  line  of  treatment  suits  some  cases  of  trachoma 
of  the  sac  or  of  polypus,  which  give  a  pulpy  sensation  to  the  finger- 
tip after  emptying  the  sac,  owdngto  a  marked  thickening,  etc.,  of  the 
mucous  lining.  (See  Fistula.)  In  lieu  of  ordinary  extirpation,  the 
sac  may  be  entered  and  treated  from  below  by  removing  the  anterior 
part  of  the  inferior  turbinate  and  the  turbinal  crest  with  a  gouge, 
etc.  (Passow). 

Mucocele  in  Infants.  The  short  and  patent  nasal  duct  of  most 
infants  gives  organisms  easy  access  to  the  sac,  which  forms  a  good 
nidus.  Acute  or  subacute  dacryocystitis  may  thus  cause  purulent 
rhinitis  shortly  after  birth,  as  early  as  one  week,  and  the  diagnosis 
is  pretty  clear.  But  blemiorrhoea  of  the  sac,  which  more  often  results, 
is  a  mild  process,  and  the  flat  nasal  bridge  and  relative  prominence 
and  width  of  the  inner  canthus  tend  to  mask  the  real  mischief,  muco- 
cele. Hence,  in  very  young  subjects  without  real  or  wath  but  slight 
conjunctivitis  this  is  at  times  mistakenly  held  to  be  the  cause  of  the 
purulent  or  mucopurulent  discharge  found  about  the  eyes  now  and 
then  during  the  day,  or  gluing  the  lids  in  the  morning.  The  astringent 
collyrium  as  generally  prescribed  is,  as  a  rule,  ineffective.  The  cu\- 
de-sac  and  inner  canthus  region  should  be  filled  with  1  gr.  sol.  zinci 
chlorid.  or  acetat.,  or  1: 12,000  hydrarg.  perchlorid.,  and  short,  care- 
ful massage  of  the  sac  done— this  daily  or  twice  a  day. 

In  persistent  or  recurrent  mucocele  of  infants  periodic  medication 
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of  the  sac  by  syringing  suffices,  as  a  rule,  and  should  be  tried.  A 
hypodermic  syringe  answers  well,  the  blunted  and  smoothed  ;ieedle 
being  passed  into  the  canahculus,  and  sol.  zinci  chlorid.,  zinci  sulph., 
plumb,  acetat.  of  0.5  per  cent,  strength,  sol.  hydrarg.  perchlor.  1 :  3000 
or  1  :  4000,  slowly  injected.  If  the  fluid  does  not  pass  into  the 
nose,  one  should  make  sure  that  the  tip  is  in  the  sac  before  diag- 
nosing stricture.  If  the  sac  contains  pus,  or  if  there  be  mucopus 
after  a  few  injections  made  at  intervals  of  two  or  thi-ee  days,  sol. 
protargol.  10  per  cent,  should  be  used,  and  20  per  cent,  if  this  fails 
after  one  or  two  trials.  Rhinitis  should  always  be  looked  for,  and 
be  treated  (as  well  as  in  older  subjects),  else  the  treatment  may 
prove  futile,  and  this  rule  holds  in  all  young  subjects,  upon  whom 
one  should  be  slow  to  use  instruments.  In  not  a  few  cases  the  free 
end  of  the  duct  is  blocked,  as  it  may  be  in  adults,  by  a  fold  of  mucous 
membrane  which  interferes  with  drainage,  although  yielding  under 
the  pressm-e  of  the  syringe.  This  emphasizes  the  need  of  attention  to 
the  nasal  passages  in  lacrymal  cases.  Proper  treatment  of  the 
inferior  tui'binals  often  cures  marked  simple  epiphora,  and  is  an 
effective  adjunct  to  medication  of  the  sac  in  case  of  mucocele. 
In  very  young  subjects  there  may  be  stricture  of  the  duct  with  (and 
without)  mucocele,  which  requires  slitting  of  the  canaliculus  and  the 
use  of  probes,  etc.,  as  m  adults. 

Dacryocystitis.  Acute  inflammation  of  the  lacrymal  sac  is  gen- 
erally a  sequel  to  mucocele,  although  now  and  then  it  lights  up 
primarily  as  a  complication  of  acute  coryza  (influenza,  la  grippe), 
especially  in  young  infants;  also  of  erysipelas.  In  scrofulous  or 
syphilitic  subjects  periostitis  or  osteitis  in  the  lacrymal  region  also 
causes  acute  or  subacute  cystitis.  After  exposure  or  in  the  course 
of  rhinitis,  etc.,  the  subject  of  mucocele  finds  that  pressure  on  the 
inner  canthus  does  not  disperse  the  doughy  swelling  as  usual,  but 
that  the  latter  has  become  hard,  tender,  and  tumor-hke.  Quickly 
pain,  often  intense  and  due  to  tension,  sets  in  with  inflammatory 
oedema,  which  in  marked  cases  closes  the  eye  and  extends  to  the 
cheek  and  over  the  nasal  bridge,  involving  the  lids  of  the  opposite 
side.  With  the  canaliculus  and  duct  closed,  there  is  now  a  virtual 
abscess,  which  if  unrelieved  within  a  few  days  points  and  opens 
below  the  internal  tarsal  ligament,  the  pain,  swelling,  etc.,  quickly 
subsiding.  The  rapid  onset  and  smooth  glistening  skin  with  bright 
blush  have  time  and  again  led  to  a  diagnosis  of  erysipelas,  but  the 
history  of  epiphora  and  mucocele,  and  the  intense  locahzed  pain 
and  exquisite  tenderness  at  the  site  of  the  sac,  should  give  the  clue. 
Generally  the  breach  soon  closes,  and  there  is  once  more  mucocele 
or  simple  cystitis,  which  may  later  lapse  again  into  the  acute  form. 
Very  rarely  the  sac  resumes  the  normal  condition.  Sometimes  the 
opening  in  the  skin  persists,  giving  vent  to  the  tears  and  mucopus 
(fistula  lacrymalis),  a  sure  result  in  bone  disease,  which  may  be  the 
effect  as  well  as  the  cause,  as  already  stated,  of  acute  cystitis.  In 
a  few  cases  there  is  a  dissecting  infiltration  of  the  skin  down  and 
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out  from  the  inner  canthus,  forming  a  doughy  broad  ridge  for  even 
an  inch,  hke  a  fresh  keloid  cicatrix.  In  other  cases,  and  rarely,  the 
fistula  contracts  until  there  is  but  a  very  fine  opening  in  healthy  skin 
through  which  tears  only  can  ooze — capillary  fistula. 

Treatment.  In  mucocele  with  incipient  acute  cystitis  the  rule  is 
promptly  to  slit  the  canaliculus  into  the  sac  when  great  swelling  of 
the  parts  does  not  prevent  it.  The  tension  of  the  sac  is  thus  relieved, 
vent  given,  and  pain  reUeved.  Other  steps  are  gentle  syringing  with 
warm  boric  acid  sol.  3  per  cent.,  or  1 :  8000  mercuric  chloride  sol.,  if 
not  too  painful;  also  the  injection  of  10  per  cent.  sol.  protargol,  and 
the  use  of  dressings  wet  with  atropine,  lead-and-spirit  lotion,  over 
which  a  small  ice-bag  is  placed,  or  a  piece  of  ice  in  a  small  gauze  sling; 
calomel,  Seidlitz  powders,  and  pulv.  Dover.,  with  other  anodynes, 
may  prove  useful.  If  cold  is  not  grateful,  hot  fotus  now  and  then 
should  be  used.  The  canaliculus  should  be  kept  open  and  the  sac 
washed  out  daily  with  warm  boric  acid  sol.  3  per  cent.,  or  1 :  8000 
to  1 :  4000  mercuric  chloride,  and  protargol  10  per  cent,  to  20  per 
cent,  be  injected  if  pus  continues.  In  primary  acute  attacks  in 
infants,  and  sometimes  in  adults,  when  of  a  mild  type,  palhative 
treatment  by  iced  compresses,  etc.,  may  suffice  without  slitting. 
The  sac  should  be  syringed  with  warm  boric  acid  sol.  through  the 
dilated  canaliculus,  and  10  per  cent,  protargol  or  argentamine  then 
injected.  If  the  case  is  not  seen  until  too  late  to  reach  the  puncta, 
and  the  inflammation  is  progressing,  one  should  anticipate  rupture 
through  the  skin  by  cutting  straight  into  the  sac  below  the  palpebral 
ligament.  After  gently  syringing  with  boric  acid  sol.,  hydrarg.  per- 
chlorid.,  etc.,  aseptic  moist  dressings  should  be  applied  and  hot 
fotus  used.  Irrigation  should  be  practised  daily.  The  canaliculus 
should  be  slit  into  the  sac  as  soon  as  feasible,  for  vent  given  in  this 
way  promotes  thorough  cleansing  and  the  healing  of  the  skin  wound, 
and  expedites  the  necessary  resort  to  systematic  probing  for  the  cure 
of  the  stricture.  The  use  of  probes  should  be  begun  as  soon  as  the 
active  stage  has  passed. 

Fistula  Lacrymalis.  This  often  needs  no  special  treatment,  and 
heals  when  the  canaliculus  is  opened,  or  the  patency  of  the  duct  is 
restored  by  probing.  Now  and  then  fungous  tissue  within  and  at 
the  mouth  of  the  canal,  or,  again,  the  smooth  lining  of  an  old  fistula, 
requires  to  be  removed  by  caustic,  cautery,  curette,  or  scissors,  to 
ensure  healing.  But  if  the  sac  is  large  and  secreting  pus,  it  should 
be  opened  by  enlarging  the  fistulous  canal  freely,  and  the  diseased 
lining  swabbed  with  sol.  argent,  nit.  2  per  cent,  to  10  per  cent., 
zinc,  chlorid.  5  per  cent.,  or  tinct.  iodin.,  or  lightly  touched  with 
argent,  nit.  50  per  cent.,  in  the  form  of  a  bead  fused  on  the  end  of 
a  probe;  or  if  trachomatous,  curetted,  irrigated  with  sol.  hydrarg. 
perchlor.  1  : 1000,  dried,  treated  with  vaseline,  and  packed,  and  cold 
dressings  put  on.  One  or  other  of  the  above  may  be  needed  several 
times  at  short  intervals  before  the  discharge  ceases  or  so  abates  as  to 
allow  closure  of  the  wound.    A  pressure  pad  then  promotes  healing. 
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vent  being  had  through  the  canalicukis  ah-eady  opened.  An  after- 
course  of  probing  is  useful.  In  the  event  of  imperfect  heaUng  of 
the  fistula  or  a  fresh  outbreak  of  cystitis,  caries  in  the  duct  or 
of  the  lacrymal  bone,  with  internal  fistula,  will  likdy  be  found 
with  the  probe,  a  fair  indication  for  sacrifice  of  the  sac,  with  careful 
scraping  of  the  carious  spots,  etc.  In  this  condition,  however,  forced 
dilatation  of  the  strictured  duct  has  been  found  by  Theobald  to 
cure  many  cases,  and  this  method  should,  therefore,  have  prece- 
dence. 

Rarely  a  fistula  exists  at  the  iimer  canthus  near  the  sac,  but  uncon- 
nected with  the  latter  and  leading  to  a  carious  spot  at  or  within 
the  imier  margin  of  the  orbit,  or  even  into  the  anterior  ethmoid  cells, 
as  shown  by  the  probe.  Again,  in  mucocele  of  the  anterior  ethmoid 
cells  there  may  be  a  swelling  just  behind  and  above  the  lacrjanal  sac 
which  simulates  mucocele  of  the  latter.  The  absence  of  lacrymation 
and  escape  of  the  discharge  per  punctum  on  pressure,  and  the  pas- 
sage of  fluid  into  the  nose  on  syringing,  together  with  deep  palpation, 
should  distinguish  the  condition. 

Styles.  These  may  be  hollow  or  solid,  and  are  preferably  of  soft  vir- 
gin silver  or  aluminum ;  lead  wire  often  is  used ;  some  employ  gold,  and 
others  hard  rubber.  The  crook  should  be  sufficiently  long  to  reach 
nearly  to  the  punctum,  lying  in  the  canaliculus,  so  as  just  to  avoid 
touching  the  cornea  in  extreme  adduction,  and  the  stem  should  about 
reach  the  floor  of  the  inferior  nasal  meatus.  They  should  be  made 
perfectly  smooth,  so  as  not  to  tear  the  mucous  membrane.  The  style 
should  be  as  large  as  will  tightly  fit  the  duct  under  the  use  of  cocaine 
and  adrenalin,  and  not  smaller  than  No.  4  B.  At  short  intervals 
larger  sizes  can  be  put  in  as  stricture  or  hypertrophy  yields,  and 
when  of  large  calibre  that  of  the  crook  should  be  reduced.  If  too 
short  in  crook  and  stem,  the  style  is  apt  to  slip  down,  especially  if 
heavy,  as  of  lead,  and  the  crook  become  encysted  in  the  sac  wall. 
It  wdll  then  act  as  a  foreign  body,  and  will  need  to  be  cut  out  of  its 
bed.  Hollow  styles  slipped  into  place  over  a  probe  already  passed 
(Bickerton)  are  useful,  but  prominence  of  the  brow  may  be  a  bar. 
Where  there  is  mucocele  or  blennorrhoea  the  styles  should  be  drawn 
up  or  removed  daily  and  the  sac  irrigated  with  an  astringent  solution. 
Patients  who  learn  to  insert  them  themselves  have  the  best  results. 
In  organic  stricture  styles  should  be  worn  if  possible  for  six  months, 
and  if  used  for  other  cases  are  to  be  worn  four  to  six  or  eight  weeks, 
a  trial  respite  for  two  or  three  days  being  given  now  and  then.  Un- 
fortunately, in  many  cases  styles  are  not  tolerated,  and  in  not  a  few 
the  tendency  to  the  formation  of  granulations  prevents  their  use  for 
more  than  a  few  days  at  a  time. 

With  the  proviso  that  a  fair  trial  of  probing,  styles,  syringing, 
etc.,  treatment  of  nasal  passages,  etc.,  has  been  given,  the  indications 
for  extirpation  or  obliteration  of  the  sac  are:  bony  stricture  of  the 
nasal  duct,  with  constant  epiphora,  with  or  without  mucocele ;  recur- 
rent stricture  of  the  duct  and  purulent  blennorrhoea;  persistent  muco- 
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cele,  with  repeated  attacks  of  acute  inflammation— phlegmonous- 
persistent  fistula,  with  inveterate  mucocele,  etc.;  marked  dropsy  of 
the  sac. 

C.  Holme^,  who  urges  and  practises  extirpation  of  the  lacrymal 
gland  and  sac  together,  observes  the  following  indications  for  the 
latter: 

'  1.  Imperative  operations  for  cataract,  glaucoma,  etc.,  in  the  pres- 
ence of  blennorrhoea,  etc. 

2.  In  patients  who  cannot  devote  the  time,  or  submit  to  treatment 
by  probing,  etc. 

3.  In  all  cases  where  conservative  treatment  has  failed  to  cure 
within  a  reasonable  time. 

Extirpation.  The  canaliculi  are  destroyed  by  the  glowing  wire. 
The  lower  end  of  the  nasal  duct  is  sealed  by  packing  gauze  under 
the  inferior  turbinal.  A  careful  incision  is  made  from  a  point  just 
beneath  the  centre  of  the  lower  border  of  the  tendo  oculi,  dissecting 
obliquely  inward  and  backward  and  in  line  with  the  fibres  of  the 
orbicularis,  exposing  the  sac  up  to  its  dome  The  lips  of  the  wound 
being  retracted  and  the  bleeding  stopped;  the  sac  is  then  freed  by 
a  blunt  hook  and  cut  off  at  the  edge  of  the  orbit.  If  this  is  not 
feasible,  the  sac  should  be  cut  out  piecemeal,  and  any  carious  bone 
should  be  scraped,  to  secure,  if  possible,  healing  by  first  intention. 
The  duct  is  now  curetted  and  the  parts  irrignted.  The  wound  is 
closed  by  sutures  and  the  dressings  applied,  pressure  being  made 
b^'-  a  compress  and  strapping.  The  stitches  may  be  removed  in 
three  or  four  days.  The  nasal  passage  should  be  kept  as  aseptic  as 
possible  until  scar  tissue  has  blocked  the  way  to  the  soft  parts  at 
the  top  of  the  duct. 

Obliteration.  To  this  end,  caustic  and  the  cautery  are  used,  to 
cause  sloughing  of  the  mucous  lining  of  the  upper  end  of  the  duct 
and  of  the  sac,  and  fusion  of  its  walls.  The  canaliculi  should  first 
be  sealed  by  the  careful  use  of  caustic  or  the  fine  glowing  wire. 
Usually  the  sac  is  cut  into  just  below  the  palpebral  ligament,  or  a 
fistula  is  enlarged,  bleeding  is  stopped,  and  the  sac  cleansed;  oil  or 
vaseline  is  applied  around  the  opening  and  just  within;  the  cut  is 
made  to  gape,  and  argent,  nit.,  in  the  form  of  small  beads  fused  on 
the  end  of  probes  or  crystals  held  in  fine  forceps,  is  freely  applied 
within  the  sac;  similarly  potassa  cum  calce  or  acid,  nitric,  on  a  small 
tuft  of  absorbent  cotton  may  be  used ;  also  acid  nitrate  of  mercury, 
zinc  chloride  paste  (25  per  cent.),  and  potassa  fusa. 

The  sac  cavity  may  also  be  reached  by  cutting  through  the  floor 
of  the  canaliculi  (C.  R.  Agnew),  and  caustics,  etc.,  may  be  safely 
applied,  but  care  is  needed  to  spare  the  conjunctiva  and  to  avoid 
the  formation  of  a  scar.  The  thermocautery  and  galvano-cautery 
may  also  be  used  to  destroy  the  sac,  but  the  whole  sac  lining  cannot 
be  so  readily  reached  as  with  diffusible  caustics.  In  either  case,  cold 
compresses  are  applied  for  a  few  hours  to  limit  reaction,  and  then 
warm  poultices  of  slippery-elm  in  small  muslin  bag  for  several  da3^s. 
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The  eschars  should  be  removed  as  soon  as  separable,  and  a  pressure 
compress  applied  over  vaseline  dressing,  to  promote  healing.  This 
covers  two  or  three  weeks  from  the  start;  extirpation  requires  only 
one. 

The  following  neoplasms  have  been  found  in  the  lacrymal  sac: 
sarcoma,  epithelioma,  angioma,  fibroma  cavernosa,  rhinoscleroma ; 
they  are  very  rare  except  by  extension  in  the  case  of  the  two  first. 

Epiphora  frequently  persists  after  destroying  or  removing  the  sac, 
or  it  often  occurs  from  slight  exciting  causes:  sacrifice  of  the  gland 
at  the  same  time  is,  therefore,  urged  by  some  as  a  rule  of  practice, 
and  the  more  because  under  strict  asepsis  extirpation  is  a  safe  opera- 
tion.^ But  lacrymation  is  not  always  a  sequel  to  loss  of  the  sac,  and 
some  seemingly  intractable  cases  under  the  usual  treatment  _  are 
cured  by  forcible  dilatation  of  the  strictured  duct  with  large-sized 
probes  (Theobald).  Hence  the  gland  may  well  be  spared  for  a  time 
until  this  procedure  has  been  tried. 

Extirpation  of  the  Lacrymal  Gland.  The  parts  being  surgically 
clean,  a  cut  is  made  just  below  the  outer  half  of  the  eyebrow  to  the 
margin  of  the  orbit,  exposing  the  septum  orbitse,  which  is  then  divided 
close  to  the  bone,  with  just  sufficient  edging  to  hold  sutures.  Fatty 
tissue  may  present,  but  should  be  left.  The  lower  edge  of  the  gland 
does  not,  as  a  rule,  reach  to  the  bony  rim,  but  entire  removal  should 
be  aimed  at,  and  can  with  care  be  effected  by  scissors,  hooks,  etc., 
and  without  injuring  the  levator  palpebra  or  external  rectus.  All 
bleeding  should  be  stopped.  The  palpebral  portion  (inferior,  second- 
ary or  accessory)  need  not  be  removed.  Careful  stitching  of  the 
skin  wound,  the  fascia  being  first  united  by  buried  catgut,  and  asep- 
tic dressings  under  compress,  ensure  prompt  healing  and  but  little 
a,fter-sign. 

THE  EYELIDS. 

Anatomy.  The  eyelids  are  two  folds  of  skin  which  cover  the  eye- 
ball, and  by  their  membranous  attachments  close  in  the  orbital  cavity. 
The  lids  owe  their  form  and  stiffness  to  cartilages  or  tarsi,  as  they 
are  called  (Fig.  113) ;  these  are  the  framework  of  the  lid,  and  when 
they  have  been  distorted  as  the  result  of  disease  or  accident,  inter- 
fere seriously  with  the  lid  performing  its  proper  functions.  The 
cartilages  are  covered  externally  by  the  skin  and  the  orbicular  muscle 
externally  by  the  conjunctiva.  The  borders  of  the  lids  are  frmged 
with  short  hairs,  the  lashes,  or  cilia.  These  are  directed  forward 
and  are  more  numerous  upon  the  upper  lid.  As  is  shown  by  the 
accompanying  illustration  (Fig.  114),  there  is  a  depression  or  sulcus 
just  below  .7,  which  represents  the  opening  of  a  sebaceous  gland,  ine 
cilia  are  seen  at  h,  with  modified  sweat  and  Zeiss  glands  about  them 
Beneath  the  skin  lie  the  transversely  divided  bundles  of  hbres  of 

1  "  Primary  Union  in  Eighteen  Cases  out  of  Nineteen."  C.  Holmes. 
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the  orbicularis  (b),  of  which  those  placed  internally  {b')  form  the 
musculus  ciliaris  Riolani.    The  posterior  part  of  the  lid  is  covered 


Fig.  113. 


Fig.  114. 


Relative  positions  and  sizes  of  eyelids. 
(Merkel.) 

by    conjunctiva,    which  is 
closely  adherent  to  the  tarsus. 
The  Meibomian  glands  have 
their  orifices  in  front  of  the 
posterior  edge  of  the   lid  ; 
above  them  lie  the  mucous 
glands  (k),  and  still  higher 
Midler's  muscle  and  the  levator 
of  the  lid.    The  Meibomian 
glands  (Fig.  115)  are  modified 
sebaceous  glands,  and  secrete 
a  sebum  which  bathes  the 
margin  of  the  lids  and  pre- 
vents overflow  of  the  tears. 
The  closure  of  the  lids  is  ef- 
fected by  the  orbicularis  muscle.    The  fibres  of  this  muscle  form 
more  or  less  of  a  sphincter,  extend  into  the  subcutaneous  tissues 
surrounding  the  lid,  and  are  inserted  into  a  tendon  which  adheres  to 
the  lacrymal  bone.    The  orbicularis  is  supplied  by  the  seventh 
nerve,  and  when  this  nerve  is  paralyzed  the  lids  refuse  to  close,  a 
staring  expression  being  given  to  the  eye. 

Diseases  of  the  Lids. 

Lagophthalmos,  or  incomplete  closure  of  the  palpebral  fissure,  is 
usually  occasioned  by  peripheral  palsy  of  the  seventh  nerve,  resulting 
from  intracranial  causes ;  it  may,  however,  result  from  narrowing  of 


Vertical  section  througli  upper  eyelid. 
(Shafee.) 
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the  lids  by  injury  or  ulceration,  or  by  the  formation  of  cicatrices 
(cicatricial  ectropion),  and  it  may  ensue  when  the  eyeball  is  enlarged 
or  pushed  forward  (proptosis).    (Fig.  116.) 


Fig.  115. 


Position  of  Meibomian  glands.  (Arnold.) 


Fig.  116. 


When  lagophthalmos  is  present  as  the  result  of  an  intracranial 
lesion,  it  may  be  accompanied  by  hemiplegia  of  the  same  or  opposite 
side.  Thus,  a  lesion  anterior  to  the  pons  or 
in  its  anterior  portion  will  cause  palsy  of 
the  seventh  nerve  of  the  same  side  as  the 
hemiplegia,  whereas  a  lesion  posterior  to  the 
pons  or  in  its  posterior  portion  will  occasion 
palsy  of  the  opposite  side.  On  account  of 
the  exposure  to  the  eye  which  lagophthal- 
mos occasions,  disease  of  the  cornea  and 
conjunctiva  is  frequently  provoked.  When 
the  condition  is  due  to  facial  palsy,  active 
measures  should  be  instituted  at  once  for 
its  relief;  these  include  leeches  and  hot 
stupes,  mercury  and  the  iodides  in  specific 
cases;  later  the  continuous  current  and  hypodermic  injections  of 
strychnine.  Until  closure  of  the  Hd  has  been  effected,  the  eye  should 
be  kept  bandaged.  If  the  cornea  be  threatened  or  if  the  condition 
becomes  permanent,  a  tarsorrhaphy  should  be  performed. 

Tarsorrhaphy.  The  simplest  way  to  shorten  the  palpebral  aper- 
ture is  to  pare  lightly  the  inner  lips  of  the  upper  and  lower  lid-margins 
from  the  angle  for  3  to  6  mm.  or  more,  and  then  stitch  them  together 
without  removing  the  eyelashes  (de  Wecker,  Noyes).  Tarsorrhaphy 
is  usually  done  as  follows:  After  gauging  the  length  of  the  line  of 
union  required  the  lid  is  slightly  everted  and  made  tense — some 
stretch  the  canthus  by  inserting  a  spatula  behind  it.    The  margin  of 


Lb  gophthal  mos. 
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each  lid  is  split  with  a  fine  knife  just  behind  the  row  of  cilia  and  suffi- 
ciently deep  to  include  the  hair  bulbs.  The  narrow  flaps  of  skin  with 
bulbs  are  then  removed  by  incisions,  meeting  a  little  beyond  the  com- 
missure. The  inner  lips  are  lightly  pared  from  the  latter  to  a  point 
several  millimetres  beyond  the  end  of  the  flap  wounds.  The  raw 
surfaces  are  then  carefully  coapted  by  silk  sutures  passed  obliquely 
up  (or  down)  and  in,  and  made  to  graze  the  inner  lip.  Traction  is 
relieved  by  compresses  and  plaster  for  three  or  four  days,  when  the 
sutures  are  removed.  To  make  tarsorrhaphy  more  effective,  Fuchs 
cuts  away  the  flap  with  the  hair  bulbs  from  the  upper  lid  only,  splits 
the  lower  lid,  and  frees  the  anterior  flap  by  a  vertical  cut  at  the  inner 
end  of  the  slit.  The  inner  surface  of  the  anterior  flap  is  then  stitched 
to  the  raw  upper  wound. 

Tarsorrhaphy  is  indicated  in  the  relaxed  or  everted  lower  lid  of 
senile  and  paralytic  cases,  in  lagophthalmos,  in  proptosis,  and  exoph- 
thalmic goitre;  it  is  done  often  as  an  adjunct  in  blepharoplasty. 

Blepharospasm,  or  spasm  of  the  orbicularis,  may  be  either  sy7np- 
tomatic  of  other  ocular  disease,  or  essential.  The  latter  variety  is 
rare,  and  is  often  hysterical,  while  the  former  is  a  frequent  accom- 
paniment of  many  forms  of  ocular  disease,  especially  where  there  is 
much  dread  of  light,  as  in  phlyctenular  keratitis,  and  where  a  reflex 
irritation  of  the  fibres  of  the  trigeminus  has  been  excited.  In  this 
connection  should  be  mentioned  the  fibrillary  contraction  which  occurs 
so  frecpiently  in  a  localized  portion  of  the  muscle.  Apart  from  the 
annoyance  which  this  occasions,  it  is  not  significant,  and  can 
usually  be  made  to  disappear  by  the  adjustment  of  glasses  to  correct 
any  existing  error  of  refraction.  Of  similar  origin  are  the  attacks 
of  "blinking"  which  occur  in  school-children.  Not  infrequently  these 
are  accompanied  by  choreic  movements  in  the  muscles  of  the  face. 
In  adults  blepharospasm  often  is  associated  with  tic.  Blepharo- 
spasm is  due  not  infrequently  to  hysteria,  in  which  event  "pressure 
points"  may  be  foimd  in  the  region  supplied  by  the  trigeminus, 
which  will  occasion  opening  of  the  lids  when  they  are  pressed  upon. 

Treatment.  Treatment  of  blepharospasm  will  depend  upon  the  cause. 
If  the  patient  be  antemic,  tonics  should  be  administered ;  arsenic  is  of 
value  in  choreic  cases;  all  errors  of  refraction  should  be  carefully  cor- 
rected. In  cases  arising  from  reflex  irritation  of  the  fifth  nerve  all 
possible  foci  of  disease  should  be  investigated  and  removed.  Gal- 
vanism is  useful  in  the  later  stages. 

The  lids  are  opened  by  the  action  of  the  levator  palpebrte  supe- 
rioris  and  by  the  sinking  of  the  lower  lid  by  its  own  weight.  The 
levator  arises  at  the  apex  of  the  orbit  and  is  inserted  into  the  upper 
edge  of  the  tarsus  by  three  attachments.  It  is  supplied  by  a  twig 
from  the  third  nerve,  and  when  paralyzed  the  upper  lid  cannot  be 
raised,  and  the  condition  called  ptosis  or  drooping  of  the  upper  lid 
ensues. 

Ptosis  may  vary  in  degree  from  a  slight  droop  of  the  lid  to  the 
complete  covering  of  the  eyeball.    It  may  be  congenital,  when  it  is 
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usually  associated  with  epicanthus  and  affects  both  lids;  usually, 
however,  it  is  acquired.  Acquired  ptosis  may  result  from  palsy  of 
the  branch  of  the  third  nerve  supplying  the  levator  of  the  lid.  It 
may,  however,  be  due  to  local  changes  in  the  upper  lid,  which  increase 
its  volume  or  weight,  such,  for  example,  as  occur  in  trachoma  and 
various  tumors  of  the  lid.  Paralytic  ptosis  may  be  due  to  periph- 
eral or  central  cause,  and  is  associated  frequently  with  palsies  of 
other  branches  of  the  third  nerve.  If  isolated,  it  is  due  usually  to 
an  intracranial  lesion. 

Treatment.  Antisyphilitic  and  antirheumatic  treatment  should  be 
tried  in  suitable  cases;  galvanism  and  hypodermic  injections  of 
strychnine  are  of  value  in  the  later  stages.  For  slight  degrees  of 
ptosis  resulting  from  inefficiency  of  the  levator,  owing  to  injury  or 
ancient  trachoma,  etc.,  the  removal  of  a  narrow  horizontal  strip  of 
skin  and  muscle  may  suffice  with  insertion  of  the  deeply  placed 
sutures  brought  out  high  up  on  the  lid.  This  operation  is  more  cer- 
tain if  a  piece  of  tarsal  cartilage  also  is  excised,  as  in  the  Gillet  de 
Grandmont  operation  (Harlan),  in  which  case  the  horizontal  tarsal 
wound  is  united  by  buried  catgut  sutiues.  Advancement  of  the 
levator  by  the  Eversbusch  (which  see)  and  the  Snellen  methods  also 
gives  good  results. 

Ptosis  Atonica  (Hotz).  In  this  condition  the  skin  of  the  upper  lid 
hangs  down  over  its  free  edge  when  the  eye  is  open,  and,  instead 
of  following  the  upward  movement  of  the  tarsal  cartilage,  remains 
stationary.  It  is  due  to  loss  of  the  normal  connection  between  the 
skin  and  tarsus,  and  is  corrected  by  the  Hotz  operation  used  in 
trichiasis  and  entropion. 

Ptosis  adiposa,  in  which  a  layer  of  fat  beneath  the  skin  acts 
mechanically  and  causes  falling  of  the  lid,  if  not  overlapping,  is 
relieved  by  removing  the  mass  of  adipose  tissue  through  an  incision 
in  the  skin. 

To  correct  much  drooping  of  the  lid  after  trachoma,  Gruening  em- 
ploys a  modified  Hotz  suture.  "An  incision  is  made  just  below  the 
upper  edge  of  the  tarsus  and  parallel  to  it.  Some  orbicularis  fibres 
may  be  excised.  With  a  sharply  curved  needle  the  thread  is  pushed 
along  the  surface  and  upper  edge  of  the  tarsus  through  the  conjunctiva, 
until  it  loops  up  the  cul-de-sac  and  returns  upon  itself  beneath  the 
skin,  to  come  out  at  the  upper  part  of  the  wound.  It  never  traverses 
the  skin.  Three  sutures  may  be  used.  They  are  tied  tightly  and 
allowed  to  remain  two  to  five  days,  according  to  the  amount  of  re- 
action "  (Noyes). 

Eversbusch's  operation  in  partial  ptosis  has  given  excellent  results. 
A  horizontal  incision  is  made  across  the  lid  and  half-way  between  the 
lid-margin  and  the  eyebrow;  the  tissues  are  then  separated  so  as  to 
expose  a  strip  of  connective  tissue.  A  strong  piece  of  catgut  with  a 
curved  needle  at  either  end  is  used.  One  needle  is  passed  into  the 
tendinous  tissue  as  far  as  possible  and  brought  out  again  a  few  milli- 
metres from  the  point  at  which  it  was  introduced.    Both  needles  are 


236 


THE  EYE. 


then  passed  parallel  to  each  other  and  at  2  or  3  mm.  distance  apart 
below  the  skin  and  muscle  of  the  lower  portion  of  the  lid,  along  the 
surface  of  the  tarsus,  and  brought  out  at  the  free  margin  of  the  lid. 
Similar  loops  are  next  passed  to  the  inner  and  outer  sides  of  tliis 
central  one.  The  clamp  is  then  removed,  the  bleeding  stopped,  and 
the  edges  of  the  wound  in  the  skin  brought  together  with  stitches. 

Bowman  first  suggested  the  shortening  and  readjustment  of  the 
levator  palpebra;  (Snellen).  In  Wolff's  operation,  in  which  tliis  is 
done,  the  tendon  of  the  levator  is  exposed  by  a  transverse  incision. 
It  is  then  undermined  and  two  strabismus  hooks  are  passed  horizon- 
tally beneath  it  and  apart  as  far  as  the  difference  in  height  of  the  two 
lids.  Two  double-needled  catgut  sutures  are  put  into  the  tendon  at 
the  line  of  the  upper  hook,  and  it  is  then  cut  across  just  below  the 
latter  and  is  tucked  behind  the  stump.  The  needles  ai-e  then  passed 
through  the  base  of  the  stump  and  the  sutures  tied.  The  sldn  wound 
is  stitched  separately. 

Mules'  Operation  for  Ptosis.  To  secure  the  lifting  action  of 
the  frontalis,  Mules'  inserts  a  permanent  subcutaneous  wire  loop, 
"having  its  fixed  points  between  the  frontalis  tendon  and  the  lid  car- 
tilage. By  this  wire  the  lid  is  raised  and  maintained  vnih.  great  ex- 
actitude at  a  line  whence  a  slight  effort  of  the  frontalis  is  sufficient 
to  lift  it  to  any  required  elevation.  At  the  same  time  its  folds,  are 
re-established  and  its  normal  appearance  regained."  By  means  of 
needles  with  eyes  at  their  j^oints  the  two  ends  of  a  fine  wire  (gilded 
iron  or  silver),  which  is  inserted  at  a  point  in  the  tarsal  plate  near  the 
ciliary  border  are  brought  out  one-third  of  an  inch  above  the  brow 
and  one-half  of  an  inch  apart.  The  ends  are  drawn  up  (the  next  day, 
A.  S.  Morton)  until  the  lid  is  raised  as  desired,  when  one.  is  run  under 
the  skin  to  the  other,  and  they  are  then  twjsted  and  buried.  Result 
very  satisfactory  (W.  J.  Cant,  A.  S.  Morton). 

MoTAis'  Operation.  Motais  has  designed  an  ingenious  operation 
for  raising  the  upper  lid  in  congenital  ptosis,  by  resecting  a  tongue- 
shaped  flap  from  the  centre  of  the  tendon  of  the  superior  rectus  and 
attaching  it  beneath  the  palpebral  conjunctiva  to  the  fascia,  so  as  to 
act  as  a  levator  to  the  tarsus. 

Pagenstecher's  Operation.  Pagenstecher's  method  of  utilizing 
the  frontalis  in  paralysis  of  the  levator  aims  at  securing  a  vertical 
subcutaneous  cicatrix  connecting  the  former  with  the  lid.  He  passes 
a  needle  carrying  a  thick  ligature  under  the  skin  of  the  forehead  about 
one-half  an  inch  above  the  centre  of  the  eyebrow,  and  subcutaneously 
as  far  as  the  margin  of  the  lid  at  its  middle  point.  The  suture  is  tied 
and  tightened  fi-om  day  to  day  until  it  has  cut  its  way  out. 

Gradle's  modification  is  the  insertion  of  permanent  aseptic  sub- 
cutaneous sutures. 

Panas'  Method.  In  this  operation,  which  has  pleased  many 
operators,  the  skin  of  the  brow  and  eyelid  is  steacUed  by  pressure 


>  Ninth  International  Ophthalmological  Congress,  1894. 
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across  the  forehead.  Two  horizontal  incisions  are  made,  the  lower  at 
the  orbital  margin,  and  along  the  top  of  the  flap  with  a  slight  con- 
vexity upward,  and  not  quite  an  inch  long;  the  higher  one  a  little 
longer,  and  at  the  upper  border  of  the  eyebrow.  A  flap  of  the  skin 
and  muscle  is  now  dissected  from  the  tarsus  down  to  its  ciliary  border, 
but  the  septum  orbitse  (suspensory  ligament)  of  the  hd  is  not  dis- 
tm'bed.  The  bridge  of  tissue  between  the  two  horizontal  incisions 
is  undermined  without  cutting  the  periosteum  or  septum  orbitse. 
The  flap  is  then  drawn  up  under  the  bridge  by  means  of  sutures  and 
fastened  to  the  upper  edge  of  the  higher  incision.  When  the  flap  is 
so  fixed,  the  traction  tends  to  cause  ectropion,  and  a  suture  is  therefore 
placed  at  each  side,  passing  deeply  through  the  septum  orbitse  and 
conjunctiva,  but  not  the  skin,  and  it  also  is  inserted  in  the  upper  lip 
of  the  higher  incision,  so  as  to  correct  the  tendency  to  eversion. 

Wilder's  Operation.  For  the  rehef  of  complete  ptosis  W.  H. 
Wilder  has  devised  a  method  which  "consists  in  folding  upon  itself 
the  tarso-orbital  fascia  that  connects  the  margin  of  the  orbit  to  the 
tarsus  and  acts  as  a  suspensory  ligament  for  the  upper  lid."  By 
shortening  it  with  buried  sutures  the  lid  may  be  raised  as  desirecl, 
and  in  a  number  of  cases  the  result  has  been  satisfactory.  The  eye- 
brow is  shaved,  an  incision  one  and  one-half  inches  long  is  made 
parallel  to  the  orbital  margin  and  a  little  above  it  to  the  periosteum. 
The  lower  lip  of  the  wound  is  drawn  down  and  the  skin  and  muscle 
are  carefully  dissected  from  the  fascia,  and  the  tarsus  exposed.  Su- 
tm-es  of  fine  sterilized  catgut  or  silk  armed  at  each  end  with  a  curved 
needle  are  passed  in  the  follomng  manner:  The  first  needle  is  intro- 
duced sufficiently  deep  into  the  tarsus  to  secure  a  firm  hold  at  a  point 
about  at  the  junction  of  the  outer  and  middle  third  and  a  little  dis- 
tance from  its  convex.  It  is  then  drawn  through,  and  with  it  several 
gathering  stitches  are  taken  in  the  tarso-orbital  fascia,  after  which 
the  needle  is  made  to  pass  through  the  muscle  and  connective  tissue 
of  the  upper  lip  of  the  wound.  The  other  needle  on  the  same  suture 
follows  a  parallel  course  in  the  same  manner,  entering  the  tarsus  about 
3  mm.  from  the  point  of  entrance  of  the  first,  then  gathering  the 
fascia  into  small  folds  and  emerging  in  the  tissue  above,  thus  making 
a  loop  by  which  the  lid  may  be  drawn  up.  The  second  suture  is 
passed  in  the  same  way,  making  a  loop  at  the  junction  of  the  middle 
and  inner  third  of  the  tarsus.  The  requisite  elevation  of  the  lid  may 
be  now  secured  by  drawing  on  the  loops  and  tying  the  sutures,  which 
are  to  be  buried  in  the  wound.  The  lower  lip  of  the  wound  is  now 
united  to  the  upper  with  fine  sutures.  The  slight  scar  that  remains 
after  healing  is  almost  entirely  hidden  when  the  eyebrows  grow  again. 
The  buried  sutures  become  encapsuled  and  give  additional  strength 
to  the  folds  of  fascia  that  hold  up  the  lid.  The  orbicularis  is  unin- 
jured, so  that  the  patient  retains  to  a  certain  extent  the  power  of 
closing  the  lids. 

The  movements  of  the  eyelids  are  both  voluntary  and  involuntary. 
Winking  is  usually  voluntary,  but  may  be  the  result  of  a  reflex  action. 
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When  the  latter  is  the  case,  it  is  accomplished  through  the  fibres  of 
the  fifth  nerve,  which  supply  the  cornea  and  ocular  conjunctiva, 
acting  upon  the  orbicularis.  The  lids  protect  the  eyeball  from  in- 
jury and  excessive  light.  They  aid  also  in  lubricating  the  globe  by 
distributing  the  tears  over  it  and  mechanically  brushing  away  for- 
eign substances  which  may  have  mtruded  themselves  under  the  lids. 

The  arteries  of  the  lids  are  derived  chiefly  from  the  ophthalmic 
artery;  the  veins  are  very  plentiful,  and  empty  partly  mto  the  veins 
of  the  forehead  and  partly  into  the  ophthalmic  vein. 

Congenital  AnomaUes  of  the  Lid.  Cryptophthalmos  refers  to  the 
stretching  of  the  skin  over  the  orbit  covering  the  eyeball. 

Coloboma  is  a  fissure  in  the  lid, 
triangular  in  shape,  with  the  base  at 
the  border  of  the  lid,  the  apex  point- 
ing toward  the  margin  of  the  orbit. 
It  is  a  rare  affection,  and  occurs 
usually  in  the  upper  lid.  (Fig.  117.) 

Epicanthus  is  the  name  given  to 
crescentic  folds  of  the  skin  which 
project  on  both  sides  of  the  face 
from  the  inner  angle  of  the  brow. 
Epicanthus  is  frequently  associated 
with  ptosis. 

Treatment  consists  in  excismg  an 
elliptical  piece  of  skin  from  the  root 
of  the  nose.  Canthoplasty  at  the 
outer  angles  will  often  benefit  the 
deformity. 

Canthoplasty.  As  a  i-ule,  the 
operation  for  the  extension  of  the 
palpebral  fissure  and  the  weakening 
of  the  orbicularis  is  not  a  plastic  one, 
and  it  is  better  styled  canthotomy. 
Cocaine,  10  per  cent,  solution,  is  applied  on  a  pledget  within  and 
without  the  external  canthus,  the  spring  speculum  is  inserted  or  the 
lids  stretched  apart,  one  blade  of  the  scissors,  which  are  held  hori- 
zontally, is  pushed  behind  the  outer  canthus  toward  the  bony  rim, 
and  a  quick  snip  suffices.  The  conjunctiva  is  freed  slightly,  and  is 
then  stitched  at  three  points  to  the  skin  edge,  at  the  angle,  above, 
and  below.  If  the  orbicularis  is  hypertrophied  and  causing  pressure 
on  the  globe,  the  external  palpebral  ligament  is  snipped,  the  scis- 
sors' points  being  passed  into  the  wound  vertically  behind  the 
muscle,  the  lid  being  drawn  outward  (C.  R.  Agnew).  When  there 
have  been  atrophy  and  shrinkage  of  the  conjunctiva,  it  may  be 
necessary  after  the  section  to  stitch  a  piece  of  transplanted  skin 
into  the  angle  or  adjust  a  small  Thiersch  shaving — canthoplasty. 

Canthotomy  is  a  useful  adjunct  in  some  cases  of  blepharospasm 
from  keratitis,  to  relieve  pressure  in  purulent  conjunctivitis  and  as  a 


Fig.  117. 


Colobuma  of  the  Uds. 
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step  in  enucleation  or  exenteration.  It  is,  as  a  rule,  necessary  in 
entropion,  especially  of  the  lower  lid,  and  sutures  are  always  used 
when  a  permanent  effect  is  desired.  The  latter  is  the  more  sure  if, 
as  Jackson  points  out,  a  broad  edging  of  the  conjunctiva  is  taken  up 
in  the  stitch. 

Inflammation  of  the  Lids.  The  integument  covermg  the  lids  is 
liable  to  be  afi'ected  by  disease  common  to  the  skin  in  general,  such 
as  erysipelas,  herpes,  and  eczema. 

When  the  lids  are  involved  in  erysipelas  secondary  to  a  similar 
condition  of  the  face,  they  may  be  so  swollen  that  the  ball  is  com- 
pletely hidden,  and  at  times  the  process  is  so  active  that  the  inflam- 
mation spreads  into  the  deep  tissues  of  the  orbit,  causing  abscess 
and  not  infrequently  blindness  by  involvement  of  the  optic  nerve  in 
the  orbit.  Primary  erysipelas  of  the  lids  is  extremely  rare.  The 
treatment  is  that  of  erysipelas  elsewhere  in  the  body,  both  as  to 
local  applications  and  general  medication. 

Eczema  of  the  lids  also  usually  participates  in  a  general  eczematous 
eruption  upon  the  face.  It  occurs  commonly  in  children  as  a  moist 
eczema  {crusta  ladea),  when  it  is  usually  accompanied  by  a  similar 
form  of  conjunctivitis.  Disease  of  the  lacrymal  apparatus  in  adults 
not  infrequently  gives  rise  to  eczema, 
particularly  of  the  lower  lid,  by  the 
irritation  provoked  by  the  overflow- 
ing tears.  Treatment  consists  m  the 
proper  cleansing  of  the  skin  by  alkaline 
washes,  followed  by  the  application  of 
an  ointment  of  oxide  of  zinc  or  of  a 
solution  of  nitrate  of  silver  (10  to  20 
grains  to  the  ounce).  In  the  chronic 
form  when  there  is  much  itching,  car- 
bolic acid  may  be  added  to  the  zinc 
ointment  in  the  strength  of  5  grains  to 
the  ounce. 

Herpes  zoster  (Fig.  118)  not  infre- 
quently is  the  result  of  an  inflamma- 
tion which  is  situated  either  in  the  Herpes  zoster  ophthaimos. 
trimk  of  the  fifth  nerve  itself  or  in 

the  Gasserian  or  ciliary  ganglia.  A  number  of  vesicles  form  along 
the  terminal  expansion  of  the  trigeminus;  at  times  these  vesicles 
are  limited  to  the  distribution  of  the  upper  or  the  lower  branch 
of  the  nerve;  at  times  both  of  these  branches  are  affected  simulta- 
neously, but  it  is  rare  that  the  inferior  division  is  affected  in  common 
with  the  two  superior.  The  efflorescences  never  extend  beyond  the 
median  line  of  the  face.  For  several  days  preceding  the  eruption 
there  are  severe  pain  in  the  course  of  the  nerve  and  some  febrile  reac- 
tion, and  the  skin  becomes  red  and  swollen,  resembling  erysipelas.  In 
severe  cases  an  ulcer  forms  at  the  base  of  the  vesicle,  due  to  involve- 
ment of  the  corium  in  the  process  of  suppm-ation,  and  a  deep  scar 
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forms;  in  inikler  cases  the  vesicles  disappear  without  leaving  any 
mark.  Analogous  affections  of  the  cornea,  conjunctiva,  and  iris  may 
complicate  the  disease  and  give  rise  to  cellulitis  and  opacities,  which 
render  the  prognosis  most  unfavorable.  The  treatment  is  purely 
palliative,  consisting  in  the  application  of  a  powder  of  rice  starch  or 
of  an  ointment  of  zinc,  to  aid  in  the  drying  up  of  the  vesicle.  The 
vesicle  should  never  be  opened.  If  the  cornea  becomes  affected, 
appropriate  remedies  should  be  employed.  Large  doses  of  quinine 
and  of  salicylic  acid  are  often  of  service.  Galvanism  may  be  used  for 
the  relief  of  persistent  pain  along  the  course  of  the  nerve. 

Abscess  of  the  Lid.  This  is  generally  the  result  of  injury,  although 
it  may  be  due  to  caries  of  the  orbit,  to  periostitis,  and  to  disease  of 
the  accessory  sinuses.  It  may  be  a  complication  of  erysipelas.  In 
the  first  stages  there  are  diffuse  uifiltration  and  redness  of  the  lid. 
Later  a  localized  swelling  appears  which  points  in  some  cases,  but 
.spreads  in  others,  involving  the  whole  lid  in  a  gangrenous  process. 
In  the  latter  case  extensive  damage  is  wrought  to  the  lid,  and  de- 
formities result  which  may  occasion  lagophthalmos  and  ectropion. 

Treatment  If  seen  in  the  earlier  stages,  attempts  should  be  made  to 
abort  the  inflammation  by  means  of  ice-packs;  if  induration  be 
present,  free  incision  should  be  made  with  a  view  to  checkmg  further 
spread  of  the  disease. 

Furuncle,  carbuncle,  and  anthrax  pustule  are  rare.  The  two  former 
present  much  the  same  symptoms  as  abscess,  with  the  distinction 
of  being  accompanied  by  a  small  gangrenous  slough  or  "core;" 
the  latter  is  due  to  inoculation  by  the  Bacillus  anthracis,  and  occurs 
in  persons  who  are  occupied  with  the  care  of  animals. 

Ulcers  of  the  Lid.  These  may  be  the  result  of  local  cause,  such 
as  injury  or  manifestations  of  a  general  disease — i.  e.,  syphilis,  lupus, 
scrofula,  herpes.  The  most  frequent  of  the  constitutional  sores  is 
the  secondary  ulcer  of  syphilis.  This  is  usually  found  upon  the  skin 
near  the  margin  of  the  lid  or  below  the  inner  canthus;  it  occurs  late, 
and  might  almost  be  regarded  as  a  tertiary  lesion. 

Vaccina  and  smallpox  not  infrequently  give  rise  to  eruptions  upon 
the  lids.  As  the  result  of  the  cicatrization  caused  by  these  ulcers 
madarosis,  or  loss  of  the  eyelashes,  may  occur,  together  with  ectropion. 
A  true  vaccine  ulcer  (vaccinia  of  the  eyelid)  may  be  caused  by  infec- 
tion from  a  vaccination  sore.  The  border  of  the  lid  usually  is  affected, 
and  considerable  swelling  and  redness  and  involvement  of  the  pre- 
auricular and  submaxillary  glands,  with  constitutional  symptoms, 
accompany  the  ulcerous  process.  In  the  early  stages  the  pustules 
are  characteristic,  though  later  they  may  resemble  a  syphilitic  sore. 

(Edema  of  the  lid  may  be  a  symptom  of  a  neighboring  local  disease, 
such  as  disease  of  the  lids  themselves  or  of  the  conjunctiva,  or  orbit, 
or  it  may  be  a  manifestation  of  systemic  disorder,  such  as  disease 
of  the  heart  or  kidneys.  It  may  be  an  accompaniment  of  an  active 
inflannnation  of  neighboring  parts,  or  it  may  be  due  to  simple  venous 
congestion. 
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Recurrent  necrotic  oedema  of  the  lids  is  associated  frequently  with 
similar  swellings  elsewhere,  and  is  to  be  imputed  to  a  temporary  dis- 
turbance in  the  vascular  innervation. 

Ss^philis  of  the  Lid.  In  addition  to  the  ulcers  mentioned  above, 
the  lid  may  be  the  seat  of  a  primary  sore.  An  ulcer  in  this  position, 
with  a  hard,  indurated  base,  appearing  without  the  history  of  injury, 
but  followed  by  secondary  manifestations,  should  always  excite  suspi- 
cion of  syphilis.  Soft  chancres  also  occur  upon  the  lid.  Tarsitis  syphi- 
litica is  a  tertiary  manifestation  of  syphilis  affecting  the  cartilage  of  the 
lid.  One  or  both  lids  may  be  affected.  The  lid  becomes  swollen  and 
tense  and  the  skm  reddened;  the  cilia  drop  out.  In  favorable  cases 
the  swelling  gradually  subsides,  leaving  the  lid  in  its  original  condi- 
tion; in  others,  however,  the  tarsus  becomes  much  distorted,  and 
entropion  results. 

Blepharitis.  (Fig.  119.)  On  account  of  the  presence  of  the  cilia 
and  the  hair  follicles  with  their  glands  upon  the  margins  of  the  lids, 
this  portion  of  the  lid  is  not  infrequently  the  seat  of  inflammation. 

Hypercernia  of  the  margin  of  the  lid  usually  attends  all  forms  of 
conjunctivitis;  it  is  a  frequent  index  of  eyestrain,  and  may  be  occa- 
sioned in  certain  individuals 

by  slight  cause,  such  as  dust,  fig.  119. 

smoke,  or  foul  air.  The  most 
common  variety  of  inflamma- 
tion of  the  lids,  blepharitis, 
consists  in  a  chronic  condition 
which  is  associated  with  the 
formation  of  scales  and  crusts 
at  the  base  of  the  cilia.  Bleph- 
aritis occurs  under  two  forms : 
the  superficial  or  non-ulcer ative, 
and  the  deep  or  ulcerative.  In 
the  first  variety  the  margins  of 
the  lids  are  red  and  swollen  and 
are  covered  with  numerous 
whitish  scales.  If  these  are 
washed  away,  a  few  cilia  drop  Blepharitis,  (dalrymple.) 

out,  but  some  grow  in  again. 

In  the  second  variety  the  hair  follicles  become  destroyed  by  ulcers 
which  form  about  the  roots  of  the  cilia,  so  that  the  lashes  fall 
out.  This  may  occasion  permanent  loss  or  displacement  of  the  cilia, 
hypertrophy  of  the  margin  of  the  lid,  and  ectropion.  In  the  milder 
cases  of  blepharitis  the  patients  suffer  but  slight  discomfort,  but 
when  the  inflammation  has  been  of  long  standing,  increased  lacry- 
mation,  sensitiveness  to  light,  itching,  and  burning  render  the  patient 
very  miserable.  The  causes  of  blepharitis  may  be  general  or  local. 
Among  the  former  may  be  mentioned  the  exanthemata,  especially 
measles,  a  debilitated  system,  and  unhygienic  surroundings;  uncor- 
rected errors  of  refraction  are  a  frequent  cause.    The  local  conditions 
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which  may  occasion  it  especially  are  disorders  in  the  lacrymal  appa- 
ratus and  conjunctiva.  Blepharitis  is  frequently  hereditary,  and  is 
more  common  in  children  than  in  adults. 

Treatment  consists  in  the  removal  of  the  cause.  The  correction 
of  errors  of  refraction  and  attention  to  the  systemic  condition  should 
be  insisted  upon,  and  in  many  cases  a  cure  will  be  accomplished 
without  resorting  to  other  measures.  If  the  blepharitis  be  due  to 
lacrymal  or  conjunctival  disease,  these  should  be  combated  by  proper 
local  treatment.  Before  making  any  applications  to  the  edge  of  the 
lids  it  is  first  necessary  to  remove  all  scales  and  crusts  adherent  to 
them.  This  may  be  accomplished  by  washing  the  lids  thoroughly 
with  soap  and  water  or  with  water  containing  borax.  In  the  super- 
ficial variety  of  blepharitis  a  salve  of  mercury  (yellow  or  red  oxide, 
gr.  viij,  vaseline  Sj;  or  the  ammoniated  chloride  of  mercury  in  the 
same  strength)  should  be  applied;  in  the  ulcerative  variety  an  appli- 
cation of  a  solution  of  nitrate  of  silver  (1  to  3  per  cent.)  to  the  raw 
spots  on  the  lid  is  often  of  service.  This  should  be  followed  by  an 
application  of  mercurial  ointment  smeared  thickly  upon  lint  and 
lightly  bandaged  upon  the  eyes  over  night.  If  abscess  occur,  the  cilia 
should  be  removed  by  means  of  ])roper  forceps  {epilation). 

Phthiriasis  Ciliomm  (Blepharitis  Pediculosa).  This  is  an  affec- 
tion of  the  margin  of  the  lid  due  to  the  presence  of  the  Pediculus 
pubis  in  the  lashes.  It  is  frequently  mistaken  for  blepharitis,  and 
usually  occurs  in  children.  Treatment  consists  in  cleansing  the  lids 
with  a  solution  of  mercuric  chloride,  1  :  4000,  and  subsequently 
rubbing  one  of  the  mercurial  ointments  into  the  border  of  the  lids. 

Hordeolum  (Stye).  This  is  a  hard  circumscribed  swelling  on  the 
lid  margin,  a  grain  of  barley  in  size,  which  generally  suppurates. 
The  inflammation  occure  in  the  tissues  about  a  hair  follicle,  the  Mei- 
bomian glands  not  being  involved.  Owing  to  the  tension  which  is 
created  by  the  pus  between  the  tarsus  and  the  skm,  there  is  usually 
considerable  pain  until  the  contents  of  the  stye  have  been  evacuated. 
As  a  rule,  the  process  lasts  four  or  five  days.  Repeated  attacks  are 
common.  Hordeolum  occurs  usually  in  the  young,  especially  in  those 
who  are  antemic  and  debilitated.  Errors  of  refraction  may  induce 
the  condition,  as  well  as  exposure  to  local  irritation,  such  as  heat  and 
dust.    Blepharitis  is  a  not  mfrequent  cause. 

Treatment.  Ice-packs  may  be  used  as  an  abortive,  but  as  soon  as 
swelling  appears  hot  applications  are  to  be  employed  to  favor  sup- 
puration. Evacuation  of  the  contents  should  he  practised  by  inci- 
sion as  soon  as  a  j^ellow  spot  forms.  All  refractive  errors  should 
carefully  be  corrected  and  the  general  health  cared  for.  Calcium 
sulphide,  one-eighth  grain  three  times  daily,  is  of  service  in  recur- 
rent cases. 

Chalazion  (Fig.  120)  is  a  chronic  disease  of  one  of  the  Meibomian 
glands  as  a  consequence  of  the  stoppage  of  its  duct,  and  results  in 
the  formation  of  a  small  tumor  in  the  lid.  The  growth  of  the  tumor 
is  slow,  with  moderate  or  no  signs  of  inflammation  until  at  the  end 


DISEASES  OF  ORBIT,  LACRYMAL  APPARATUS,  AND  LIDS.  243 

of  a  few  weeks  or  months  it  has  attained  the  size  of  a  large  pea. 
Chalazia  adhere  to  the  tarsus,  but  the  skin  is  mobile  over  them,  and 
they  are  not  usually  sensitive  to  the  touch.  They  may  become  ab- 
sorbed and  disappear  spontaneously;  but,  as  a  rule,  they  break  down, 
suppurate,  and  discharge  their  contents  either  through  a  skin  or  con- 
jmictival  opening.  Chalazia  are  found  in  aduHs  particularly.  They 
rarely  occasion  pain,  but  are  disfiguring  and  may  cause  symptoms  of 
eyestrain  by  the  pressure  which  they  exert  upon  the  eyeball. 

Fig.  120. 


Chalazion. 

Treatment.  Unless  giving  rise  to  irritation,  small  chalazia  need 
not  be  mterfered  with;  large  chalazia  should  be  removed  by  incision 
through  either  the  skin  or  conjunctiva. 

_  Chalazion  is  removed,  as  a  rule,  through  the  conjunctiva.  The 
hd  is  everted  and  the  free  edge  pressed  well  back,  cocaine  hydro- 
chloride applied  to  the  site,  and  a  drop  or  two  of  10  per  cent,  solution 
of  cocaine  injected  hypodermically.  A  short  vertical  cut  is  made 
from  within  out,  and  the  tumor,  if  small,  is  then  emptied  with  a  fine 


Fig.  121. 


Deamarres'  chalazion  forceps. 


serrated  or  sharp-edged  scoop.  When  large  and  with  thick  wall, 
the  latter  is  grasped  with  fine  fixation  forceps  and  cut  out  with  a  sharp- 
curved  scissors.  If  only  in  part,  the  cavity  is  scraped  to  remove 
acini,  and  the  contents  packed  at  the  sides.  Bleeding  is  often  free, 
when  adrenalin  chloride,  1 :  5000,  applied  early  and  also  pressed  into 
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the  cavity,  is  of  use.  Hemorrhage  may  also  be  controlled  and  the  field 
of  operation  rendered  bloodless  by  applying  a  Desmarres  chalazion 
forceps.  (Fig.  121.)  If  there  are  several  chalazia  in  a  bunch,  a  lid 
clamp  or  ring  forceps  is  used.  If  the  chalazion  is  large  and  hard,  or 
shows  signs  of  pointing  externally,  it  may  be  removed  tlu-ough  the 
skin  by  a  horizontal  incision  with  use  of  clamp.  Fine  stitches  are 
then  inserted.  Iced  compresses  for  a  few  hours  are  soothing.  If 
the  chalazion  is  near  the  free  edge,  it  may  be  opened  with  a  fine 
cataract  knife  through  the  lid  margin,  the  lid  being  clamped  between 
the  index  finger-tip  in  the  cul-de-sac  and  the  thumb  (C.  R.  Agnew). 

Tumors.  Benign  growths  include  xanthelasma,  molluscum,  cysts, 
warts,  and  cutaneous  horns,  and  vascular  tumors  or  angiomata. 
Xanthelasma  is  a  flat  yellowish  plaque  slightly  raised  above  the  skin, 
which  occurs  most  frequently  in  women  and  at  the  inner  canthus. 
These  plaques  are  often  symmetrical.  They  are  caused  by  degen- 
eration of  the  muscle  fibres.  Their  growth  is  slow,  and  as  they  occa- 
sion no  bad  results  other  than  disfigurement,  they  need  be  removed 
only  for  cosmetic  effect.  Molluscum  is  a  small  white  growth  which 
forms  on  the  lid  as  a  result  of  a  diseased  condition  of  the  seba- 
ceous glantls.  It  occurs  in  two  forms:  molluscum  contagiosum,  in 
which  variety  the  tumor  is  without  a  pedicle,  and  has  an  umbili- 
cated  depression  in  its  centre;  and  molluscum  simplex.  In  the 
latter  variety  the  tumor  is  pediculated,  hanging  from  the  lid  like  a 
pouch. 

Cysts.  Among  these  may  be  mentioned  dermoid  cysts,  milia,  and 
antharomata. 

Angiomata.  These  comprise  telangiectasis  and  tumores  cavernosi. 
The  former  occur  as  small  bright-red  growths  in  the  skin  of  the  lid, 
and  are  due  to  dilatation  of  the  bloodvessels.  The  latter  are  dis- 
tended venous  channels  beneath  the  skin.  Both  varieties  are  usually 
congenital  and  occur  after  birth.  Care  should  be  exercised  in  their 
removal,  to  avoid  cicatrices.  Small  telangiectases  may  be  removed 
by  the  tiaermoeautery  or  by  cauterization  with  nitric  acid ;  large  ones 
should  be  seared  to  foster  contraction  and  obliteration  of  the  vessels. 
Cavernous  tumors  are  removed  best  by  electrolysis. 

Malignant  Growths.  These  include  the  sarcomata  and  carcino- 
mata.  The  former  are  rare,  the  latter  more  common,  and  occur  under 
the  form  of  rodent  ulcers.  These  ulcers  are  seen  upon  the  margin  of 
the  lid  as  a  small  pimple,  which  breaks  down  into  an  ulcer  with  indu- 
rated walls.  These  ulcers  slowly  spread  over  the  lids  and  occasionally 
dip  down  deep  into  the  orbital  tissues.  Treatment  of  both  forms  of 
tumor  consists  in  their  early  and  complete  removal  by  surgical  inter- 
vention. 

Blepharoplasty.  To  meet  the  loss  of  lid-tissue  from  disease  and 
injury,  or  its  necessary  sacrifice  in  removing  neoplasms,  etc.,  new 
material  has,  of  course,  to  be  provided.  Unless  the  gap  in  the  lid  is 
such  as  permits  closure  by  stretching  what  is  left,  new  material  has 
to  be  secured,  either  from  adjoining  parts— the  forehead,  temple, 
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cheek  or  nose — by  means  of  flaps  with  pedicles  or  from  other  regions 
by  flaps  without  pedicles  or  by  skin-grafts. 

Flaps  with  twisted  pedicles  are  often  used  after  Fricke's  method, 
in  which  the  base  abuts  one  end  of  the  raw  surface.  The  gap  left  by 
the  flap  may  be  covered  by  Thiersch  or  Wolfe  grafts,  or,  if  not  too 
large,  by  undermining  the  limiting  skin  and  suturing  the  edges  to- 
gether. In  the  employment  of  sliding  flaps  by  Dieffenbach's  method, 
which  has  been  much  practised,  a  more  or  less  vertical  and  quadran- 
gular flap,  at  the  side  of  the  gap — which  is  made  fairly  triangular — 
is  shd  into  place  and  stitched.  Its  bed  is  covered  by  Thiersch  or 
Wolfe  grafts  either  at  once  or  after  a  day  or  two,  or  later  by  smaller 
dermic  grafts.  Knapp's  method'  of  stretching  horizontal  flaps 
(Fig.  126)  is  a  cUstinct  addition  to  blepharoplasty.    By  it  one  may 
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Arlt's  method  of  removing  a  growth  from  the  canthus.  .  .\  i. ,  . . 


Fig.  123. 


Fricke's  method  of  blepharoplasty.  (Arlt.) 


remove  a  neoplasm  requiring  the  sacrifice  of  most,  if  not  all,  of  the 
lower  lid,  and  then  cut  a  flap,  going  beyond  the  bridge  of  the  nose, 
and  a  longer  one  with  broad  base  on  the  temple,  and  unite  them  in 
vertical  line,  so  as  to  restore  a  useful  eyelid,  tarsorrhaphy  being  also 
done.  The  writer,  following  the  suggestion  of  C.  S.  Bull,  has  found 
systematic  massage  of  cicatricial  keloid  and  other  scar-tissue  a  valu- 
able adjunct  to  blepharoplasty. 

The  Le  Fort- Wolfe  transplantation  of  flap  ^vithout  pedicle  and 
the  Thiersch  skin-grafting  have  proved  a  great  gain  to  blepharoplasty 
and  a  boon  to  operators,  who  need  not  now  run  the  risk  that  they  mar 
more  than  they  mend.    Wolfe's  method  was  designed  specially  for 
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cases  in  which  skin  is  needed  to  replace  cicatricial  tissue,  or  the  latter 
surrounds  the  damaged  lids  and  is  insufficient  to  supply  flaps.  Thiersch 
skin-grafts  are  sometimes  more  suitable.  ■  In  the  performance  of 
the  Wolfe  operation,  which  is  especially  well  adapted  to  cases  where 
as  a  result  of  burns  or  injury,  the  free  edge  of  one  lid  has  become 
attached  to  the  brow  or  the  cheek,  the  hd  is  freed  by  careful  cUssection. 

The  lid  is  freed  by  careful  dissection  until  both  Uds  can  be  easily 
approximated,  when  they  are  sutured  at  three  or  four  apposed 
points  where  the  lid  margins  have  been  pared.  The  raw  surfaces  are 
trimmed  until  they  are  smooth  and  vascular.  "Having  taken  the 
shape  of  the  flap  required  with  a  piece  of  lint,  I  carefully  dissect  a 
piece  of  skin  from  the  forearm,  cutting  it  larger  than  necessary  all 
around,  so  as  to  allow  for  shrinking.  I  then  turn  up  its  deep  surface, 
and  with  a  pair  of  flat,  sharp  scissors  pare  off  every  vestige  of  sub- 
cutaneous tissue,  so  as  to  leave  the  surface  of  a  pure  white  color.  It 


is  then  applied  to  the  gap  in  the  eyelid,  to  which  it  is  united  by 
fine  silk  ligatures.  After  pressing  and  moulding  it  into  place,  lint 
soaked  in  hot  water  is  applied  to  its  surface  for  about  ten  minutes. 
It  is  finally  dressed  with  lint  wrung  out  of  hot  water.  Over  this  four 
folds  of  dry  lint  are  placed,  and  the  whole  covered  with  fine  gutta- 
percha tissue,  and  secured  by  an  immovable  bandage.  On  the  third 
day  the  dressing  is  removed,  and  it  is  found  that  adhesion  had  taken 
place,  the  flap  looking  clean  and  dry  and  normal;  bluish  hnes  are 
visible  here  and  there.    The  same  dressing  is  repeated  daily." 

In  Thiersch's  method  of  skin-grafting,  strips  of  epidermis  and 
superficial  layers  of  the  skin,  cut  generally  from  the  hairless  part  of 
the  arm,  are  transferred  to  the  raw  surface  prepared  as  in  Wolfe's 
method,  the  lids  being  stitched  together  or  the  upper  to  the  cheek. 
While  making  the  shaving,  the  parts  are  kept  wet  vidth  warm  physio- 
logical salt  solution,  and  the  former  is  slid  off  the  razor  and  across 
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Fig.  124.— Arlt's  method  when  a  portion  of  the  eyelid  is  to  be  sacrificed.  (Ablt.) 
Fig.  125.— Dieffenbach's  method  of  blepharoplasty.  (Ablt.) 
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the  raw  surface  by  its  aid,  ^11  clots  having  first  been  removed.  Dress- 
ing is  done  as  in  the  Wolfe  method.  It  is  well  to  bandage  both  eyes. 
In  forty-eight  or  seventy-two  hours  the  parts  are  carefully  exposed 
and  redressed,  and  then  from  time  to  time.  The  ligatures  can  be 
removed  in  a  week.  More  or  less  shrinking  of  the  flap,  25  to  30  per 
cent.,  may  occm". 

In  cicatricial  ectropion  following  burns,  etc.,  in  which  at  least  a 
portion  of  the  eyebrow  has  been  destroyed,  Hotz^  has  obviated  the 
necessity  of  the  Wolfe  method  and  the  danger  of  re-eversion  of  the 
lid  from  shrinkage  of  a  transplanted  flap  or  retraction  of  tissues. 
From  the  adjacent  cicatricial  skin  itself  he  takes  "  a  flap  large  enough 
to  cover  the  lid  surface  only,  and  fixes  the  upper  margin  of  this  flap 
to  the  upper  border  of  the  tarsus."  The  raw  surface  above  the  lids 
is  covered  by  another  flap  or  Thiersch  grafts.    The  incision  begins 


Fig,  126. 


Knapp's  method  of  blepharoplasty.  (Knapp.) 


near  the  inner  canthus  and  ends  about  6  mm.  from  the  outer,  and 
skirts  a  large  skin  flap,  which  is  then  carefully  dissected  off  from  the 
underlying  scar-tissue,  but  is  left  connected  with  the  lid  border. 
Then  the  lid  is  released  from  the  deeper  scar  tissue  until  it  can  be  re- 
placed in  its  normal  position.  The  contracted  flap,  still,  however, 
large  enough  to  cover  the  whole  surface  of  the  lid,  is  spread  out 
smoothly  over  this  sm-face,  and  its  margin  is  fixed  to  the  upper 
border  of  the  tarsus  by  four  silk  sutures.  Into  .the  wound  upon  the 
lid  a  skin  flap,  which  may  also  contain  a  good  deal  of  scar-tissue,  is 
transplanted. 

In  blepharoplasty— apart  from  asepsis  and  great  care— there  are 
some  points  that  conduce  to  success.  The  flap  should  be  a  third 
larger  than  the  gap,  should  have  a  broad,  thick  base,  with  as  good 
vascular  supply  as  possible,  and  be  neatly  adjusted  with  the  least 
twisting,  and  the  least  strain  upon  the  sutures.  The  latter  should 
not  be  put  in  until  all  bleeding  has  ceased  and  clots  are  removed. 
The  thread  should  be  fine  and  of  twisted  (not  braided)  silk,  because 
leaving  less  mark,  and  the  stitches,  which  should  be  closely  placed, 
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•J  IS  Tin:  KYK. 

.^houia  Iv  nnnoviHl  oarly.  The  tlap  for  the  lower  sluniKl  t«ikt>n 
\vhon  It  IS  to;»sihK\  fiiMn  n  hijxhor  level  to  prevent  sas^sriiig  or  eversiuii 
tivm  atter-traetion.  whieh  is  partly  met  by  tai-sorri»aphv.  Kiu-  ilu> 
upjHT  lul  the  Hap  is  often  taken  fron\  the  mid-frontal  r(>s>ion  \Urv 
ivstoraiion  of  the  lids  the  parts  should  he  kept  warm  and  iiiiiet  and 
titv  trom  speeial  tension,  by  means  of  eompivsses.  plaster,  and  liand- 
a,4^\  so  adjusted  as  to  avoid  undue  direet  pressure.  Tlu>  natur-il 
foKls  and  eivastv^  of  the  adnoxa  should  In^  kept  in  n\ind  "Pi^^sue 
osjHvially  eonjunetiva.  slunild  not  he  w.-isteil.  thouirh  net>pl«i-^ins 
slunild  have  wide  herth.  Henee.  in  this  el.nss  the  importanee  of  earlv 
comvt  dijj^nosis  and  prompt  exeision.  " 

Flaps  with  {nniieles  have  not  Ihhm\  dise.nriU\l  heeause  of  the  Wolfe 
and  Thierseh  methods,  for  these  have  their  drawhaeks.  Flaps  with- 
out jHxliele  shrink  fn^m  a;?  to  oO  per  cent.,  aiul  sometimes  more 
and  the  original  defwt  may  nnnir.  Not  stMdom  thev  sloujrii  in  part 
or  wholly,  and  they  miuiiv  more  after-eaiv  than  twisted  or  slidinjj 
fla|.v?.  They  have  the  advant.-io>^  over  the  latter  that  oiu>  may  use  the 
skin  of  hidden  parts,  the  K>ss  of  which  is  not  felt . 

Trichiasis  and  Distichiasis.  The  former  niters  to  an  inversion  of 
one  or  moiv  cilia,  as  a  consvHiuenco  of  which  the  evehall  is  ruhhed 
and  irritated:  the  latter  indicates  a  douhle  row  of  "cilia,  the  inner- 
most of  which  is  invertoil  and  irritates  the  evehall.  As  a  ivsult 
of  the  irritation  prv>voketi  by  the  Lashes  in  hoth'  of  these  comlitions, 
theeyehall  Uvomes  intlanu\i.  and  corneal  ulceration  and  opacity  arc 
tavonnf.  The  chief  caus(Mif  the  distortion  of  the  cilia  is  trachoma, 
the  taulty  position  being  sjiven  them  by  the  cicatrization  of  the  tarsus 
and  the  conjunctiva  wrv^ught  by  this  dist^ase.  It  may  also  he  occa- 
siontHl  by  injuries  and  blepharitis.  Tivatment  consists  either  in  the 
riMuoval  of  the  cilia  or  opemtive  measuivs  to  convct  their  faultv 
jH^ition. 

Trichiasis.  When  malju^sition  is  liinitCHi  to  only  a  few  of  the  cilia, 
it  may  l>o  correcttxi  by  excising  an  oval  piece  of  the  tissues  near  the 
friH^  txigi^  into  the  tai-^us  and  stitching  the  skin  wound  (Wolfed :  also  by 
splitting  the  inlgi^  of  the  lids  Whind  the  row  and  putting  in  a  tiny  piece 
of  skin  or  mucous  membrane.  In  son^alletl  scalping.'  the  lid-margin 
is  split  vertically  behind  the  stunted  and  incurved  lashes,  and  The 
anterior  lip.  just  wide  enough  to  hold  the  hair  bulbs,  is  abscised.  This 
is  now  very  rartMy  done,  being  replaced  by  the  Burow  incision.  Green 
or  van  Millingen  operation,  etc.  (which  see).  Electroh-sis  is  now 
used  to  destroy  misplaced  cilia  wlien  they  are  few.  A  fine  needle 
V negative  pole)  is  passed  into  the  follicle  with  the  cilium  as  guide. 
A  few  seconds  closure  of  the  circuit  suffices  if  there  is  frothing  (Mitch- 
ell. Benson\ 

Spexcer  Watsox's  -Method.  An  incision  is  made  in  the  inter- 
marginal  space,  and  a  second  one  parallel  to  the  border  of  the  lids 
and  above  the  row  of  cilia,  as  is  done  for  their  ablation.  This  striji. 
containing  the  cilia  and  follicles,  is  cut  acn^ss  at  one  end  only.  Tlien 
a  second  fiap  similar  in  shape  is  made  above  the  first,  its  free  end 
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being  at  the  same  canthus  as  the  base  of  the  other;  the  flaps  are  then 
interchanged  and  sutured.  This  operation  is  now  rarely  done,  except 
for  trichiasis  near  one  or  other  canthus.  In  these  positions  Fuchs 
considers  it  the  most  suitable  procedure,  but  the  flaps  are  made  much 
shorter  than  in  the  original  operation,  which  was,  indeed,  the  pioneer 
in  intermarginal  work. 

The  Jaesche-Aklt  operation  for  trichiasis,  which  is  done  under 
an  anaesthetic,  is  as  follows:  A  Snellen  or  Knapp  lid  clamp  is  applied, 
and  the  lid-margin  is  spht  from  end  to  end  by  an  incision  two  lines 
in  depth,  which  is  met  at  the  bottom  by  a  horizontal  cut  through  the 
skin  at  right  angles,  made  about  4  mm.  above  the  ciliary  border. 
The  anterior  flap,  holding  the  skin,  orbicularis,  cilia,  and  bulbs,  is 
then  cut  away.    A  small  semilunar  piece  of  skin  is  now  dissected 


Fir,.  127. 


Jaesche-Arlt  operation  on  the  upper  eyelid.  (Arlt.) 

off  higher  up,  and  the  marginal  flap  is  then  stitched  to  the  upper  raw 
edge.  The  effect  is  to  roll  out  the  edge  of  the  lid  and  the  eyelashes. 
To  make  the  result  more  lasting,  Waldhauer  trims  the  excised  skin 
and  fits  it  in  the  wound,  and  supports  by  bandage  to  ensure  union 
with  the  raw  surface.  This  operation  has  largely  been  replaced 
by  reconstruction  or  restoration  of  the  lid-margin  (after  van  Millin- 
gen,  Green,  Hotz). 

Entropion  and  ectropion  refer  to  an  inversion  and  eversion  of  the 
margin  of  the  lid,  respectively.  Enlropion  may  be  occasioned  by  a 
defect  in  the  normal  contour  of  the  lid  as  the  result  of  a  disease  or 
injury  of  the  conjunctiva  or  tarsus  (cicatricial  entropion),  or  it  may 
be  caused  by  a  spasm  of  the  orbicularis  muscle  acting  reflexly  from 
a  conjunctivitis  or  keratitis,  or  from  bandaging  of  the  eyes,  especially 
in  the  aged,  with  lax  skin  and  conjunctiva  (spasmodic  entropion). 
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On  account  of  the  irritation  which  the  mturning  of  the  lashes  upon 
the  globe  provokes,  lacrymation,  photophobia,  and  the  signs  of  con- 
junctivitis and  keratitis  are  the  rule. 

Treatment  consists  in  restoring  the  margin  of  the  lid  to  its  proper 
position.  If  the  entropion  is  due  merely  to  spasm,  it  may  often  be 
relieved  by  painting  the  skin  below  the  lid  with  collodion.  It  may  be 
avoided  in  bandaging  by  applymg  a  strip  of  adhesive  plaster  over  the 
lids. 

Operations  for  Entropion.  When  spasmodic  or  muscular  en- 
tropion tends  to  persist  in  spite  of  the  use  of  plaster  or  collodion,  etc 
some  operation  is  required.  Excision  of  a  horizontal  strip  of  skin 
often  suffices  in  senile  cases,  or  of  a  narrow  strip  of  skin  and  muscle 
down  to  the  tarsus  close  to  the  free  edge  of  the  Ud  (Green).  Many 
cases  have  been  cured  by  means  of  deep  vertical  sutures  which  trans- 
fix the  septum  orbited  near  the  infra-orbital  margin,  essentially  on  the 
principle  of  the  Hotz  operation  (Gruening).  The  Gaillard-Arlt  suture 
is  also  effective.  Four  threads  in  two  sets,  by  means  of  double 
threaded  needles,  are  entered  under  the  skin  of  the  (lower)  lid  close 
to  its  edge  and  at  right  angles  to  it,  and  are  brought  out  at  2  cm. 
straight  below.  Each  set  forms  a  short  loop  outside  the  skin  near 
the  cilia,  and  traction  on  the  free  ends  when  tying  (over  a  quill)  everts 
as  desired.  The  sutures  are  left  a  few  days,  so  as  to  cause  vertical 
subcutaneous  cicatrices  which  ensure  permanent  tension. 

In  entropion  with  narrowing  of  the  fissure  (blepharophimosis), 
a  good  result  may  be  had  by  canthotomy  combined  with  the  insertion 
of  tleep  vertical  sutures  passing  from  the  ciliary  margin  close  to  the 
outer  surface  of  the  tarsus  and  emerging  high  up  in  the  lid.  The 
firmly  tied  ligatures  are  allowed  to  suppurate  out;  in  some  cases  they 
are  taken  out  early  (Pagenstecher).  For  the  correction  of  senile 
entropion  of  the  lower  lid,  Theobald  uses  caustic  potash,  after  the 
manner  of  the  late  Professor  N.  R.  Smith.  The  crayon  is  sharpened 
to  a  point,  and  is  moved  back  and  forth  across  the  lid  at  about  4  mm. 
from  its  margin.  A  spreading  of  the  caustic  action  of  perhaps  2  mm. 
from  the  line  of  application  is  to  be  allowed  for  by  simply  causing 
the  potash  to  act  upon  this  narrow  strip  of  tissue  parallel  to  the  lid- 
margin,  and  moving  it  back  and  forth  gently,  perhaps  a  dozen  timesy 
one  secures  a  very  marked  caustic  action  upon  the  tissue,  which  may 
be  checked  if  desired  by  diluted  acetic  acid.  As  a  rule,  the  hd  wall 
immediately  stay  out  in  good  position  ;  a  slough  takes  place,  and  the 
cases  in  which  a  complete  cure  is  not  effected  in  senile  entropion  are 
very  unusual.    The  method  is  not  appropriate  for  the  upper  lid. 

Trichiasis  and  Cicatricial  Entropion.  To  correct  the  incurving 
of  the  lid-margin,  bevelling  of  the  inner  lip  and  malposition  of  the 
cilia,  caused  by  shrinking  of  the  conjunctiva  and  the  constant  traction 
inward  in  the  last  stage  of  trachoma,  three  methods  may  be  adopted : 
that  of  counter-tension,  release  from  tension,  and  restoration  (recon- 
struction) of  the  lid-margin.  The  first  is  the  principle  of  the  Anag- 
nostakis  and  Hotz  operation,  which  has  stood  the  test  of  3^ears.  In 
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it  counter-tension  is  kept  up  by  using  as  a  fixed  point  the  tarso-orbital 
fascia  at  the  orbital  margin  of  the  tarsus.  The  second  and  third 
objects  are  gained  by  the  Green  operation,  very  widely  used,  which 
frees  the  incurved  hd  edge  and  restores  its  inner  lip,  and  also  by  the 
van  Millingen  operation,  and  in  a  different  way,  namely,  by  inter- 
posing a  barrier  between  the  skin  of  the  lid  and  its  conjunctiva. 

J.  Green's  Operation  for  Cicatricial  Entropion.  A  longitudi- 
nal incision  is  made  through  the  conjunctiva  and  tarsus,  from  one 
end  of  the  tarsus  to  the  other  (after  Burow),  and  parallel  to  and 
about  one  line  or  one  and  a  quarter  line  distant  from  the  free  border 
of  the  lid.  A  strip  of  skin,  a  little  more  than  a  line  in  width,  and 
about  a  line  distant  from  the  row  of  eyelashes,  is  excised,  the  loosened 
margin  of  the  lid  turned  forward  and  secured  in  its  new  position  by 
from  three  to  five  sutures.  The  needle  carrying  the  suture  is  made 
to  enter  at  the  edge  of  the  lid,  in  or  near  the  row  of  cilia,  and  is  carried 
upward  just  beneath  the  skin  until  it  appears  in  the  cutaneous  wound. 
It  is  then  plunged  deeply  through  and  behind  the  fibres  of  the  orbic- 
ularis muscle,  and  is  brought  out  through  the  skin  from  a  third  to  a 
half  of  an  inch  above  the  upper  lip  of  the  wound.  The  effect  of  the 
row  of  sutures  applied  in  this  way  is  to  tilt  forward  the  margin  of  the 
hd  with  the  implanted  cilia,  leaving  the  longitudinal  wound  on  the 
conjunctival  surface  to  heal  by  granulation.  When  the  tarsal  car- 
tilage has  been  very  much  thickened,  a  wedge-like  strip  from  the 
upper  portion  is  removed  before  excising  the  strip  of  skin.  Care  is 
taken  to  spare  the  underlying  fibres  of  the  orbicularis  muscle  when 
removing  the  narrow  strip  of  skin.  And  where  no  skin  can  be  spared 
or  needs  excision — the  majority  of  cases — Green,  after  the  deep 
tarsal  incision,  paints  a  strip  along  the  entire  length  of  the  lid  with 
contractile  collodion.  The  hd  is  thus  everted  without  loss  of  skin 
or  use  of  sutures.  "The  gaping  incision  in  the  tarsus  fills  rapidly  by 
granulation,  and  is  soon  covered  by  smooth  conjunctiva.  The  in- 
crease in  the  height  of  the  tarsus  by  this  formation  of  new  tissue  is 
generally  not  less  than  two  millimetres."  A  fine  strip  of  mucous 
membrane  may  be  inserted  with  good  effect  in  the  sulcus  made  by 
the  Burow-Green  tarsal  incision. 

The  Green  method  is  best  adapted  to  the  upper  lid;  the  Green- 
Ewing  is  intended  for  the  lower,  and  differs  only  in  the_  use  of  the 
quill  suture  and  in  covering  a  portion  of  the  incision  with  mucous 
membrane.  The  conjunctiva  from  the  outer  canthus  to  the  punctum 
is  dissected  back  from  the  free  edge  three  to  four  millimetres,  within 
which  line  the  usual  deep  tarsal  incision  is  made  the  full  length  of 
the  hd.  Three  sutures  are  then  put  in  the  ciliary  tarsal  strip  at  the 
incised  part,  and  then  through  the  skin,  and  are  tied  over  a  firm  roll  of 
aseptic  gauze  or  absorbent  cotton  about  3  mm.  in  diameter.  Then 
the  conjunctival  flap  is  brought  forward  by  numerous  fine  sutures 
and  stitched  deeply  into  the  groove  so  as  to  cover  with  an  epithelial 
surface  both  the  raw  edge  of  the  divided  tarsus  and  the  exposed  fibres 
of  the  orbicularis. 
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Anagnostakis  and  Hotz  Operation.    The  operation  is  per- 
formed on  the  upper  Hd  as  follows :    While  an  assistant  fixes  the  skin 
at  the  supra-orbital  margin,  the  operator,  seizing  the  centre  of  the 
hd-border  with  fingers  or  forceps,  draws  the  lid  downward  to  put 
Its  skin  wen  on  a  stretch,  and  makes  a  transverse  incision  through 
skin  and  orbicularis  muscle  from  a  point  2  or  3  mm.  above  the  punc- 
tum  lacrymale  to  a  point  2  or  3  mm.  above  the  external  canthus 
Ihis  incision  divides  the  lid-skin  in  a  hne  parallel  to  and  a  little  below 
the  upper  border  of  the  tarsal  cartilage,  and  is  therefore  from  4  to  8 
mm.  distant  from  the  free  border  in  the  centre  of  the  hd    The  skin 
and  muscular  layer  are  now  dissected  from  the  incision  down  to  the 
roots  of  the  eyelashes,  and,  while  an  assistant  is  holding  the  edges  of 
the  wound  well   separated  the  operator  seizes  the  forceps  and  ex- 
cises with  curved  scissors  the  muscular  fibres  running  transversely 
across  the  upper  border  of  the  tarsus.    Next  the  sutures  are  inserted 
ihree  sutures  are  usually  sufficient— one  in  the  centre  of  the  wound 
and  one  at  each  side  of  the  central  suture.    The  curved  needle,  armed 
with  black  silk,  No.  3,  is  first  passed  through  the  wound-border  of  the 
hc  -skin,  then  it  is  thrust  through  the  upper  border  of  the  tarsus  and 
returned  through  the  tarso-orbital  fascia  just  above  this  border,  and 
hnally  it  is  carried  through  the  upper  wound-border,    men  these 
sutures  are  tied  the  skin  is  drawn  upward  and  fixed  to  the  upper  tar- 
sal border,  and  this  slight  traction  is  sufficient  to  turn  the  inverted 
Id-border  and  eyelashes  to  their  normal  position,  and  as  the  skin 
beconies  firmly  united  with  the  tarsal  border  the  tension  thus  pro- 
duced upon  the  hd-border  is  permanently  secured.    The  sutures 
should,  of  course,  not  be  tied  until  all  bleeding  has  ceased  and  the 
wound  IS  thoroughly  cleansed;  they  may  be  removed  on  the  third 
day.    Under  aseptic  dressings  the  wound  heals  by  first  union  even 
If,  as  sometimes  occurs,  secondary  hemorrhage  or  oedema  causes  con- 
siderable swelling  for  several  days. 

The  van  Millingen  Operation  for  Trichi\sis  '  "The  inter- 
mm-ginal  space  is  split  from  end  to  end,  as  in  Arlt's  operation,  and 
sufficiently  to  produce  a  gap  3  mm.  in  breadth  at  the  central  part 
ot  the  hd,  and  gradually  becoming  narrower  toward  the  canthii. 
Ihe  gap  IS  kept  open  by  sutures  passed  through  folds  of  skin  on  the 
upper  hd  and  by  means  of  which  the  hd  is  prevented  from  closing 
for  twenty-four  hours  at  least.  As  soon  as  the  bleeding  has  ceased, 
a  strip  of  mucous  membrane  of  the  same  length  as  that  of  the  lid, 
and  2  or  2^  mm.  in  breadth,  is  cut  out  with  two  or  three  clips  of  a 
pair  of  curved  scissors,  from  the  inner  surface  of  the  under  lid,  and 
placed  at  once  into  the  gap  at  the  intermarginal  space.  It  should 
then  be  pressed  into  situ  with  a  pledget  of  cotton-wool  steeped  in 
sublimate  solution.  Sutures  are  superfluous,  and  do  more  harm  than 
good._  The  operated  lid  is  then  covered  over  with,  a  flap  of  linen 
containing  a  thick  layer  of  iodoform  vaseline,  and  tliis  is  covered  over 
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by  cotton-wool.  Both  eyes  should  be  bandaged.  I  invariably  use 
subhmate  lotion  (1:5000)  for  disinfecting  the  eye  and  lid  during, 
before,  and  after  the  operation.  The  bandage  should  be  renewed 
once  in  twenty-four  hours,  and  the  sutures  on  the  upper  lid  should 
not  be  removed  before  the  second  day."  Some  prefer  a  strip  of 
skin  (from  behind  the  ear,  Hotz),  without  suturing.  Others  with 
sutures.  Some,  like  van  Millingen,  are  partial  to  mucous  membrane 
(from  the  lip,  AVeeks),  using  sutm-es  or  not. 

The  Streatfeild  operation  of  grooving  the  tarsus  when  it  is 
thick  and  misshapen  has  been  modified  by  Snellen.  In  the  Streat- 
feild-Snellen  operation  an  incision  is  made  through  the  skin  of  the 
upper  lid  about  3  mm.  from  the  margin  and  parallel  to  it  and  ex- 
tending along  its  whole  length.  A  strip  of  the  orbicularis  about  2  mm. 
in  width  is  excised,  and  next  a  triangular  wedge-shaped  piece  of  the 
tarsus  along  the  whole  length  of  the  hd.  Three  sutures  are  then  in- 
serted in  the  following  manner:  A  sutute  armed  at  each  end  with 
a  needle  is  to  be  passed  through  the  upper  edge  of  the  incision  in  the 
tarsus,  and  both  needles  are  then  to  be  carried  through  the  lower 
margin  of  this  groove  and  brought  out  through  the  skin  just  above 
the  line  of  lashes,  the  points  of  exit  lying  4  mm.  apart.  The  two 
other  sutures  are  to  be  inserted  in  the  same  way,  care  being  taken 
that  the  points  of  exit  are  about  4  mm.  from  each  other.  A  bead  is 
then  passed  over  each  end  of  the  sutures  (to  prevent  their  cutting 
the  skin),  and  the  latter  carefully  tied,  so  that  the  two  opposite  sides 
of  the  incision  in  the  tarsus  are  accurately  approximated.  The  upper 
edge  of  the  skin  wound  is  left  open. 

Panas-Snellen  Operation.  The  skin  of  the  lid  is  divided  2 
or  3  mm.  above  the  free  border  of  the  lid  and  parallel  to  the  latter, 
the  incision  running  the  whole  length  of  the  lid.  Then  from  the  edge 
of  this  incision  the  skin  is  freed  as  far  up  as  the  upper  border  of  the 
tarsus  and  as  far  down  as  the  free  border  of  the  lid.  Next,  the  vul- 
canite plate  being  inserted  beneath  the  lid,  an  incision  is  made  which 
runs  in  the  same  way  as  in  the  skin.  In  this  way  the  lower  half  of 
the  tarsus  with  the  free  border  of  the  lid  is  made  freely  movable,  and 
may  be  rotated  forward  by  means  of  sutures,  so  that  the  cilia  assume 
the  proper  direction.  The  sutures  are  formed  into  loops  and  passed 
above  through  the  edge  of  the  tarsus  and  the  tarso-orbital  fascia,  and 
the  free  ends  of  the  loop  are  brought  out  behind  the  skin  of  the  lid 
along  the  intermarginal  line,  and  here  are  tied  over  a  glass  bead. 

The  Green  and  the  Hotz  operations  yield,  as  a  rule,  very  satisfac- 
tory results;  also  the  van  Millingen,  especially  in  trichiasis  of  the 
lower  lid,  combined  with  canthoplasty  and  the  Streatfeild-Snellen 
when  indicated.  In  cases  of  misshapen  tarsus— and  they  are  not  a 
few— it  may  be  necessary  to  combine  the  features  of  two,  if  not  three 
of  these,  to  ensure  success,  and  this  is  the  rule  with  operators.  Weeks 
reports  favorably  of  a  number  of  cases  in  which  he  tried  a  combination 
of  the  four— canthoplasty,  the  van  Millingen,  the  Streatfeild-Snellen, 
and  Hotz— the  suturing  differing  from  that  of  the  latter  in  that  the 
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needle  IS  made  to  pass  through  the  upper  lid  and  to  emerge  8  mm 
above  the  margin  of  the  upper  flap.    The  writer,  who  can  testify  to  the 
value  of  the  Hotz  and  Green  operations,  early  found  it  advisable 
(before  the  van  Millingen  operation  was  in  vogue)  to  combine  the 
hrst  at  times  with  the  Burow  tarsal  incision. 

/r^'^^o'^^''?F-'°'''-^^^!"''^'^''  "^"^^  "^^^^'^^  cicatricial  or  spasmodic 
{h  ig  128.)  Cicatncml,  or,  as  it  is  sometimes  called,  organic  ectrovion 
results  from  womids;  abscess  of  the  lid  and  orbit,  and  disease  of 
long  standmg  of  the  lids  and  conjunctiva.  Senile  relaxation  of  the 
skm  may  occasion  ectropion  of  the  lower  lid  in  elderly  subiects  and 
a  similar  condition  also  arises  after  paralysis  of  the  seventh  nerve 
bpasmochc  ectropion  is  seen  usually  in  children  when  the  lids  are 
everted  by  violent  blepharospasm  produced  by  keratitis.  The  con- 
sequences of  ectropion  are  irritation  of  the  globe,  due  to  the  lack  of 
protection  afforded  by  the  lid,  and  troublesome  watering  of  the  eye 


Fig.  128. 


Fig.  129. 


Double  cicatricial  ectropiou. 


Arlt'8  operation  for  ectropion.  (Arlt.) 


Treatment.  The  Adams  operation  was  devised  to  correct  elongation 
and  .partial  eversion  and  moderate  ectropion.  It  consists  in  the 
removal  of  a  triangular  V-shaped  piece,  including  the  whole  thick- 
ness pf  the  hd,  the  base  of  the  triangle  being  turned  toward  the 
margin  of  the  latter  and  the  apex  toward  the  cheek.  The  edges  of 
the  wound  are  carefully  brought  together  by  sutures,  one  of  which  is 
passed  close  to  the  free  edge,  so  as  to  prevent  a  groove.  Sometimes 
a  harelip  pin  and  suture  is  used.  This  operation  is  now  preferably 
done  near  the  outer  canthus  in  conjunction  with  tarsorrhaphy.  It  is 
specially  adapted  for  senile  ectropion  or  that  due  to  chronic  con- 
junctivitis, for  which  also  the  Snellen  and  the  Ai-gyll-Robertson  suture 
operations  have  been  designed. 

In  the  Argyll-Robertson  operation^  two  needles  threaded  on  a  long 
waxed  silk  ligature  are  passed  through  the  skin  and  lid  one  line  from 
its  ciliary  margin,  and  each  one-quarter  of  an  inch  from  the  mesial, 
passed  on  through  the  fornix  and  brought  out  through  the  skin  one- 
quarter  of  an  inch  apart  at  one  to  one  and  one-quarter  inches  from 
the  ciUary  border.    A  bunch  of  fine  rubber  tubing  is  placed  vertically 
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within  the  loop  on  the  outside  of  the  Hd.  A  piece  of  thin  sheet-lead 
one  by  one-quarter  inch,  rounded  off  and  moulded,  is  slipped  into 
the  cul-de-sac  under  the  thi'eads,  and  the  Ugature  is  then  tied  over 
the  lower  end  of  the  tubing.  "The  edge  of  the  hd  is  thus  made  to 
revolve  inward  over  the  upper  edge  of  the  piece  of  lead,  while  the 
tarsal  cartilage  is  caused  to  mould  itself  to  the  curve  of  the  lead,  and 
the  eyehd  at  once  occupies  its  normal  position,"  The  sutures  are 
not  removed  for  from  five  to  ten  days. 

In  the  Snellen-suture  operation  for  senile  or  muscular  ectropion 
the  ligatiu-es  are  passed  through  the  conjunctiva  and  subadjacent 
tissues,  and  brought  out  and  tied  over  a  roll  2  cm.  below  the  free 
edge.    The  effect  may  be  increased  by  tarsorrhaphy  as  desired. 

In  partial  ectropion  with  hypertrophy  of  conjunctiva,  the  excision 
of  a  horizontal  strip  of  the  latter  and  closure  by  sutures  may  suffice, 
or  again  the  contraction  following  a  deep  linear  eschar  made  with  the 
fine  thermo-  or  gal vano cautery  point. 

One  of  the  best  operations  for  the  cure  of  cicatricial  ectropion  is 
that  of  Arlt,  which  is  performed  as  follows:  The  cicatrix  and  the  skin 
surrounding  it  are  excised  in  a  triangular  area  bounded  by  the  points 
a  h  and  h  c,  as  shown  in  Fig.  129.  The  skin  at  the  edges  of  the  denuded 
area  is  undermined  and  sutures  inserted  so  that  c  is  approximate  to  d, 
and  the  side  of  the  flap  &  c  is  in  contact  with  c  d.  Harelip  pins  may 
be  used  to  fill  in  any  remaining  gap. 

When  considerable  tissue  is  removed  it  becomes  necessary  to  fill 
in  the  gap  by  a  flap.  This  may  be  accomplished  by  either  the  Fricke 
or  the  Dieffenbach  method.  Both  of  these  consist  in  excision  of  the 
cicatrix  and  the  sliding  of  skin  flaps  into  the  denuded  area.  These 
flaps  are  taken  from  the  skin  of  the  temple  or  cheek,  and  vary  in  shape 
and  size  with  the  site  which  they  are  to  occupy.  Account  should 
always  be  taken  in  all  flap  operations  of  the  contraction  which  occiu-s 
both  at  the  time  of  and  subsequent  to  the  operation.  It  is  advisable, 
therefore,  to  make  the  flap  at  least  one-third  larger  than  the  site 
which  it  is  intended  to  occupy.  Its  base  also  should  be  sufficiently 
broad  not  to  interfere  with  its  blood  supply. 

Richet's  operation  is  peculiarly  well  adapted  to  correct  ectropion 
of  the  lower  outer  part  of  the  lower  lid.  As  shown  in  Fig.  130,  in- 
cisions are  made  in  three  curvilinear  Hues,,  B  A,  C  A,  and  D  E.  After 
the  cicatrix  has  been  dissected  out  the  lids  are  united  by  three  sutures 
and  the  wound  covered  by  drawing  the  edges  into  apposition  as  fol- 
lows: An  incision,  F  G,  is  made  into  the  skin  of  the  temple,  and  its 
edges  undermined.  The  flap  D  F  G  thus  obtained  is  made  to  cover 
in  the  defect,  F  being  brought  to  A,  as  shown  in  the  second  figure. 
The  denuded  area  which  is  left  in  the  temple  is  filled  in  by  the  lower 
flap,  ABE. 

Ankyloblepharon  and  Sjonblepharon.  Ankyloblepharon  is  an 
adhesion  of  the  margins  of  the  lids,  and  is  usually  associated  with  a 
union  between  the  lid  and  eyeball  (symblepharon) .  Both  conditions 
result  when  the  borders  of  the  lid  and  conjunctiva  are  converted 
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into  raw  surfaces,  either  from  burns  or  diseases  of  the  conjunctiva 
causing  loss  of  tissue,  such  as  trachoma  and  diphtheritic  conjunc- 
tivitis. 

Treatment.  Ankyloblepharon  is  remedied  by  dividing  the  adhesions 
between  the  lids  and  between  the  lids  and  the  globe,  and  by  covering 
the  denuded  areas  by  transplanted  portions  of  conjunctiva  or  strips 
of  mucous  membrane  taken  from  the  lips.  In  many  cases  it  is  of 
advantage  to  perform  a  canthoplasty  at  the  same  time.  The  steps  in 
the  operation  for  the  cure  of  symblepharon  consist  in  separating  the 
adhesions  between  the  lid  and  the  globe,  and  in  preventing  readhe- 
sions  between  the  denuded  areas  by  placing  a  conjunctival  surface 
in  apposition  with  a  raw  one.  A  number  of  procedures  are  available, 
but  that  of  Himly  or  Harlan  is  to  be  preferred.  The  former  perforated 
the  base  of  _  the  attachment  of  the  adhesion  in  the  cul-de-sac  and 
placed  a  strip  of  lead  wire  in  that  position,  the  wire  being  permitted 
to  remain  until  it  had  worn  a  groove  covered  with  epithelium. 


Fig.  180. 


Richei's  operation  for  ectropion.  (Arlt.) 


Ecchymosis  (Black  Eye).  After  a  contusion  of  the  lid  there  is 
often  a  great  amount  of  swelling  and  discoloration  of  the  skin  of  the 
lid  and  its  loose  connection  with  the  sublying  tissues.  Ice-packs 
should  be  applied  for  the  first  few  days  after  the  accident,  but  these 
should  be  replaced  by  hot  compresses,  to  promote  absorption  of  the 
extravasated  blood. 

Emphysema  indicates  that  there  has  been  a  fracture  of  the  walls 
of  the  orbit  establishing  a  connection  with  the  nose.  As  the  air  is 
forced  into  the  lid  by  blowing  the  nose,  the  patient  should  be  cau- 
tioned against  this  act  until  the  wound  is  healed,  and  a  firm  compress 
bandage  should  be  applied  over  the  eye. 

Injm-ies  of  the  Eyelids.  These  may  be  a  mere  incident  of  a  more 
serious  traumatism,  and  hence,  if  feasible,  the  features  of  the  accident 
should  be  learned.  Wounds  should  be  explored  for  possible  foreign 
bodies  in  the  eye,  orbit,  and  adnexa,  and  one  will  sometimes  be  sur- 
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prised  at  the  findings.  Foreign  particles  should  be  removed,  and 
wounds  be  made  aseptic  at  the  earliest  possible  moment  and  closed 
with  fine  twisted  silk.  The  lips  of  wounds  dividing  the  edges  of  the 
lids  should  be  carefully  coapted  to  avoid  distortion  or  a  groove.  A 
fine  suture  in  the  lid-margin  itself  is  often  useful.  If  the  levator  pal- 
pebrffi  is  torn,  it  should  be  stitched  with  fine  catgut.  When  skin  is 
torn  away  the  gap  should  be  closed  by  sliding  flaps  or  be  covered 
without  delay  by  Thiersch  grafts.  Burns  which  destroy  much 
skin  of  the  lid  or  act  deeply  necessitate  the  stitching  of  the  lids  to- 
gether (see  Tarsorrhaphy),  and  probably  the  use  of  Thiersch  grafts 
shortly,  to  prevent  secondary  ectropion.  Aseptic  wounds  of  the  lids 
heal  rapidly  and  without  reaction,  but  in  some  cases  the  ice-bag  or 
iced  dressings  are  helpful. 
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DISEASES  OF  THE  CONJUJ^CTIVA,  CORNEA,  AND 

SCLERA. 

By  JOHN  E.  WEEKS,  M.D. 

CONJUNCTIVA. 

Anatomy.  The  conjunctiva  is  a  delicate  mucous  membrane  which 
covers  the  postei-ior  surface  of  the  eyeUds  and  is  reflected  onto  the 
anterior  half  of  the  eyeball.  At  the  margin  of  the  lids  the  conjunc- 
tiva joins  the  integument ;  it  does  not  pass  beyond  either  canthus.  At 
the  inner  canthus  the  conjunctiva  extends  over  the  fleshy  glandular 
mass  known  as  the  caruncle.  It  is  thrown  into  a  crescentic  fold  just 
beneath  anil  to  the  temporal  side  of  the  caruncle.  This  fold,  which  is 
drawn  outward  on  movements  of  the  cornea  to  the  temporal  side,  is 
termed  the  plica  semilunaris.  By  its  reflection  from  the  lids  to  the 
eyeball,  the  conjunctiva  forms  pouches  above  and  below,  which  are 
termed  conjunctival  sacs  (cul-de-sac).  The  depth  of  the  upper  sac 
at  the  middle  of  the  lids  is  appro.ximately  19  mm.,  of  the  lower  sac 

8  mm.  The  conjunctiva  is  divided 
into  various  parts,  as  follows:  pal- 
pebral, that  covering  the  posterior 
portion  of  the  lids;  fornix,  the 
transition  fold ;  ociilar,  that  cover- 
ing the  globe.  The  part  of  the 
palpebral  portion  that  covers  the 
tarsus  is  known  as  the  tarsal  con- 
junctiva. At  about  three  millime- 
tres from  the  margin  of  the  cornea 
the  conjimctiva  becomes  closely 
miited  with  the  anterior  reflection 
of  Tenon's  capsule.  The  epithelial 

Epithelioma  of  the  bulbar  conjunctiva.  (Orth.) 

layer  is  stratified.  (Fig.  131.) 
The  tmiica  propria  is  very  thin. 
The  conjunctiva  possesses  no  large  vessels,  but  it  has  a  very  rich 
network  of  small  vessels,  which  become  prominent  on  irritation  of 
the  conjunctiva.  In  the  retrotarsal  and  ocular  portions  of  the  con- 
junctiva the  vessels  are  freely  movable  over  the  underlying  tissue. 

A  rich  plexus  of  lymphatic  vessels  exists  m  the  conjunctiva,  those 
of  the  upper  conjunctiva  near  the  outer  canthus  being  in  connection 
with  the  chain  of  lymphatic  vessels  which  pass  to  the  preauricular 
(  258  ) 


Fig.  131. 
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region;  those  of  the  lower  lid  are  connected  more  directly  with  the 
submaxillary  lymphatics. 

The  nerve  supply  is  from  the  lacrymal  and  from  the  supratroch- 
lear and  infratrochlear  branches  of  the  fifth. 

Congenital  Abnormalities.  The  most  frequent  congenital  growths 
met  with  are  dermoid  tumors,  which  usually  extend  onto  the  cornea; 
they  are  usually  pale  in  color,  but  may  be  pigmented ;  they  are,  as  a 
rule,  supplied  with  a  number  of  hairs,  glands,  etc.,  presentmg  the  char- 
acteristics of  the  skin.  Small  fatty  masses  are  also  met  with;  these 
are  situated  apparently  beneath  the  conjimctiva. 

Angioma,  cavernoma,  and  telangiectatic  growths,  congenital  in 
origm,  sometimes  are  found  in  the  conjmictiva. 

An  osseous  growth  occasionally  is  found  beneath  the  conjunctiva, 
situated  between  the  outer  margin  of  the  cornea  and  the  commissure. 

Moles  or  pigmented  patches  sometimes  are  observed  on  the  con- 
jimctiva ;  these  occur  most  frequently  in  individuals  who  present 
similar  spots  on  the  skin. 

Fibrous  growths,  sometimes  erroneously  spoken  of  as  lipomata, 
occm  rarely  just  beneath  the  membrane  in  the  upper  outer  portion 
of  the  ocular  conjunctiva. 

Hypersemia  of  the  Conjunctiva  (Dry  Catarrh).  The  palpebral 
conjunctiva  is  the  part  usually  affected.  The  mucous  membrane  is 
red  and  very  slightly  roughened,  but  is  not  appreciably  thickened. 

Etiology.  The  condition  is  due  to  irritation  from  many  causes— 
exposm-e  to  heat,  bright  hght,  glare  from  water,  sand,  etc.,  strong 
wind,  cold,  storms  of  rain  or  snow,  constant  use  of  the  eyes  with 
insufficient  illumination,  eyestrain,  indigestion,  alcoholism,  gout, 
vasomotor  disturbances,  ■  lacryinal  disease,  acute  exanthematous 
fevers,  and  blepharitis  marginalis. 

Symptoms.  The  lids  feel  stiff  and  dry,  and  are  moved  with  diffi- 
culty; a  burning  sensation  is  experienced,  and  there  is  increased 
lacrymation.  The  superficial  epithelial  cells  are  thrown  off  more 
rapidly  than  in  health,  and  are  found  in  small  whitish  masses  at  the 
canthi  and  sometimes  at  the  margin  of  the  lids.  Attempts  to  use 
the  eyes  with  artificial  light  are  accompanied  by  distress. 

Treatment.  The  cause"  should  be  sought  for  and  removed.  In 
addition  the  eyes  should  be  bathed  twice  daily  with  a  3  per  cent, 
solution  of  boric  acid.    Other  measures  are  unnecessary. 

Conjunctivitis  (Ophthalmia).  This  term  is  applied  to  a  number  of 
diseases  of  the  conjunctiva,  all  of  which  are  accompanied  by  increased 
and  altered  secretion,  by  distressing  symptoms,  and  by  transient 
or  permanent  pathological  changes  in  the  membrane. 

Classification.  Since  the  discovery  of  the  gonococcus  of  Neisser, 
in  1879,  the  specific  micro-organisms  of  a  number  of  forms  of  conjunc- 
tivitis have  been  described,  which  makes  it  advisable  to  modify  the 
older  classification  of  diseases  of  this  membrane.  All  of  the  forms  of 
conjunctivitis  may  be  included  under  two  headmgs:  (1)  those  in  which 
a  specific  cause  has  not  been  determined,,  and  (2)  those  forms  in 
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which  a  specific  cause  has  been  determined.  To  the  first  class  belong- 
simple  conjunctivitis,  lacrymal  conjunctivitis,  herpetic  conjunctivitis 
vernal  conjunctivitis,  follicular  conjunctivitis,  trachoma,  pemphigus' 
Parinaud's  conjunctivitis,  gouty  conjunctivitis.  To  the  second  class 
belong:   acute  contagious  conjunctivitis,  subacute  conjunctivitis 
gonorrhcEal  conjunctivitis,  diphtheritic  conjunctivitis,  xerosis  epithe- 
lialis,  phlyctenular  or  eczematous  conjunctivitis,  tuberculosis,  lupus 
leprosy.  '  ' 

Non-specific  Forms  of  Conjunctivitis. 

Simple  Conjunctivitis  (Catarrhal  Conjunctivitis,  or  Ophthalmia). 

This  condition  is  characterized  by  injection  and  slight  thickening 
of  the  conjunctiva  confined  almost  entirely  to  the  palpebral  portion, 
loss  of  transparency,  slight  roughening,  and  the  presence  of  a  very  little 
mucus,  which  causes  the  lids  to  adhere  together  in  the  morning. 
Causes.    These  are  numerous  and  permit  of  classification: 

1.  Mechanic.\l.  Irritation  of  the  conjunctiva,  due  to  the  entrance 
of  particles  of  metal,  dust,  pollen,  exposure  to  wind,  glare  of  light. 

2.  Associated.  Accompanying  the  exanthematous  fevers ,  rheu- 
matisna,  nasal  catarrh,  bronchitis,  eczema,  facial  erysipelas,  impetigo 
contagiosa,  molluscum  contagiosum. 

3.  Symptomatic.    Forms  accompanying  eyestrain,  etc. 

Symptoms.    Subjective.    Lids  heavy,  burning  sensations  in  the 

eye,  irritation  on  moving  the  eyes,  photophobia,  annoyance  in  use 
of  the  eyes. 

Objective.  Lacrymation  more  profuse,  slight  sticking  together 
of  the  lids  in  the  morning,  slight  thickening  of  the  lids,  hypersemia 
of  the  tarsal  conjunctiva  and  of  the  retrotarsal  folds. 

Simple  conjunctivitis,  as  is  apparent  by  a  glance  at  the  list  of  causes, 
is  most  common  in  children,  but  no  stage  of  life  is  exempt. 

Prognosis.  The  duration  depends  on  the  continuation  of  the  cause; 
when  this  is  removed  (mechanical  and  symptomatic  forms)  or  sub- 
sides (associated  forms),  recovery  occurs  spontaneously.  No  lasting 
injury  results. 

Treatment.  In  addition  to  removing  the  cause,  much  relief  may 
be  obtained  by  bathing  the  eye  two  to  four  times  daily  with  a  solu- 
tion of  boric  acid,  3  per  cent.  A  mild  astringent  solution  may  also 
be  employed — zinc  (gr.  j  to  sj)  is  excellent. 

Lacrymal  Conjunctivitis.  A  form  of  conjunctivitis  dependent 
on  the  presence  of  irritating  secretion  from  the  conducting  portion  of 
the  lacrymal  apparatus.  Almost  aU  of  the  cases  might  properly  be 
classed  with  the  simple  conjunctivitides,  but  a  few  cases  develop  a 
purulent  type  which  may  result  in  much  damage  to  the  eye. 

Diagnosis.  The  syiuptoms  peculiar  to  obstruction  of  the  lacrymal 
passages  and,  frequently,  a  dacryocystitis  are  present. 

Treatment.  This  consists  in  rendering  the  lacrymal  canals  patulous 
and  in  correcting  the  condition  of  the  lacrymal  conducting  apparatus; 
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these  measures  may  be  supplemented  by  cleansing  the  conjunctiva 
with  some  bland  aseptic  solution  and  the  use  of  a  mild  astringent.  _ 

Lithiasis  Conjunctivitis.  A  form  of  irritation  of  the  conjunctiva 
due  to  the  presence  of  calcareous  deposits  in  the  tissue  of  the  pal- 
pebral conjunctiva;  they  occur  most  commonly  in  the  tarsal  con- 
junctiva, but  are  met  with  also  in  the  palpebral  portion  of  the 
retrotarsal  folds.  The  small  masses  appear  as  yellowish-white 
bodies  almost  immediately  beneath  the  epithelium.  They  tend 
to  penetrate  the  epithelial  layer  and  to  produce  irritation  of 
the  eyeball  and  lids.  The  condition  is  met  with  commonly  in 
those  of  advanced  years,  and  is  associated  usually  with  rheumatism 
or  gout.  The  deposits  consist  principally  of  calcium  carbonate  and 
cholesterin. 

Treatment.  Removal. 

Herpes  Conjunctivae.  This  condition  is  characterized  by  the  for- 
mation of  clusters  of  vesicles  on  a  hypersemic  base.  The  vesicles  col- 
lapse, forming  a  superficial  ulcer  which  heals  rapidly,  leaving  a  very 
slight  superficial  cicatrix.  The  affection  accompanies  herpes  orbitalis, 
and  will  be  described  under  that  head. 

Vernal  Conjunctivitis  (Conjunctivitis  Catarrhalis  .ffistiva;  Phlyc- 
tena  Pallida  (Hirschberg) ;  Spring  Catarrh).  A  disease  characterized 
by  roughening  and  thickening  of  the  palpebral  conjunctiva,  accom- 
panied by  hypertrophy  of  the  conjunctiva  at  the  margin  of  the  cornea. 

Cause.  While  this  disease  is  in  all  probability  due  to  a  specific  germ, 
the  germ  is  not  known.  The  exacerbations  occur  when  the  weather 
becomes  warm.,  whatever  the  season ;  but  the  peculiar  appearance  of 
the  tarsal  conjunctiva  is  not  entirely  absent  in  the  winter  months. 
Children  from  the  age  of  three  to  fifteen  years  are  attacked  most  fre- 
quently; but  the  condition  sometimes  appears  in  adults.  Often  two 
or  more  in  a  family  are  attacked,  a  fact  which  points  to  a  contagious 
quality.    In  almost  all  cases  both  eyes  are  affected. 

Symptoms.  Irritation,  as  of  a  foreign  body,  photophobia,  distress 
on  use  of  eyes,  burning  and  itching;  there  is  excessive  lacrymation; 
a  scanty  mucoid  (stringy)  discharge,  which  is  evidenced  in  the  mornmg 
by  a  yellowish-white  mass  along  the  lashes  and  at  the  inner  canthus. 
On  everting  the  upper  hd,  the  tarsal  conjunctiva  is  found  to  be  slightly 
thickened  and  the  surface  is  roughened  by  the  presence  of  numerous 
fine,  papilliform  elevations.  The  surface  of  the  palpebral  conjunctiva 
both  above  and  below  presents  a  faint,  pearly  hue,  as  though  a  drop  of 
skimmed  milk  had  been  passed  over  it.  This  appearance  is  observed  m 
the  early  as  well  as  in  the  later  stages  of  the  disease.  The  ocular  con- 
junctiva, except  at  the  margin  of  the  cornea,  is  but  slightly  affected; 
at  the  limbus  the  epithelial  layer  becomes  much  thickened.  This 
thickening  is  usually  greatest  in  the  horizontal  meridian.  The  ele- 
vations have  a  pearly,  translucent  appearance  at  the  apices  which 
is  characteristic.  The  hypertrophied  tissue  often  encroaches  onto 
the  cornea  for  a  distance  of  one  or  two  millimetres,  and  a  narrow 
grayish  zone  separates  the  hypertrophied  tissue  from  clear  cornea. 


262 


THE  EYE. 


In  the  later  stages  m  severe  cases  flattened  fungoid  elevations  appear 
on  the  palpebral  conjunctiva  of  the  upper  and  lower  lids.  These 
often  resemble  trachoma  granules.    They  may  be  pedunculated 

Pathology.  The  changes  in  the  conjunctiva  consist  m  scanty  small- 
cell  mfiltration  and  the  development  of  papillae,  particularly  on  the 
upper  tarsal  conjunctiva.  These  papillae  consist  of  a  central  loop  of 
vessels  and  some  connective-tissue  stroma  covered  with  a  laver  of 
thickened  stratified  epithelium.  It  is  undoubtedly  the  thickened 
epithelmm  that  gives  the  whitish  shimmer  to  the  surface.  In  severe 
cases  fungoid  excrescences  form,  consisting  of  a  fibrous  papilla  covered 
by  thickened  stratified  epithelium. 

Prognosis.  The  disease  recurs  every  summer  for  a  variable  period 
(two  to  twenty  years),  when  it  subsides,  usually  leaving  but  little 
deformity. 

Treatment.  Protective  glasses,  a  bland  wash  (boric  acid  solution), 
and  the  use  of  an  ointment  of  the  yellow  oxide  of  mercury  (1  to  l( 
per  cent.),  usually  give  the  best  results  so  far  as  remedies  are  con- 
cerned. Calomel,  in  impalpable  powder,  dusted  onto  the  palpebral 
conjunctiva  in  very  thin  layer  every  second  day  is  advantageous. 
Chmatic  changes  do  most  good;  the  sufferer  should  go  to  a  cool 
climate  during  the  hot  months. 

Follicular  conjunctivitis  (conjunctivitis  folliculosis  simplex)  is 
characterized  by  the  appearance  of  small,  pinkish,  translucent  oval 
elevations  arranged  often  in  rows  which  occupy  the  outer  portion 
of  the  fornix  of  the  lower  lid,  occasionally  being  present  at  the 
outer  and  inner  portions  of  the  palpebral  conjunctiva  of  the 
upper  lid. 

Cause.  There  is  no  known  specific  cause,  but  the  disease  occurs 
most  frequently  in  children  who  live  in  unhygienic  surroundings,  and 
the  evidence  is  in  favor  of  filth  as  a  cause.  The  disease  is  infectious, 
perhaps  contagious. 

Symptoms.  There  is  often  considerable  irritation;  the  lids  are 
slightly  thickened.  There  is  some  nmcoid  secretion  on  the  lids  in  the 
mornmg.  Use  of  the  eyes  causes  sensations  of  burning  and  smarting. 
The  ocular  conjunctiva  and  cornea  are  seldom  involved.  On  inspec- 
tion, the  palpebral  conjunctiva  is  found  to  be  congested,  and  the 
follicles  are  prominent. 

Treatment.  The  eyes  should  be  bathed  three  or  four  times  daily 
with  a  3  per  cent,  solution  of  boric  acid,  and  a  solution  of  mercuric 
chUjride,  1 : 1000  to  1 : 4000,  should  be  dropped  into  the  conjunctival 
sac  after  each  bathing.  Aristol,  iodoform,  bismuth,  and  calomel, 
equal  parts,  or  calomel  alone  may  be  employed.  In  persistent  cases 
expressiori  of  the  contents  of  the  follicles  may  be  resorted  to.  Errors 
of  refraction  should  be  corrected.  To  prevent  spreading  of  the  dis- 
ease, isolation  should  bp  resorted  to,  especially  when  it  occurs  in 
asylums. 

Trachoma  (Granular  Conjunctivitis;  Egyptian  Ophthalmia;  Mili- 
tary Ophthalmia).    This  disease  is  characterized  by  the  presence  of 
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numerous  small  oval   masses  in  the  palpebral  coniunctiva  by 
chronicity,  and  by  grave  subsequent  changes  m  the  conjunctiva,  hds 
and  often  in  the  globe.    It  occurs  most  frequently  m  children  but 
may  affect  individuals  at  any  age  except  perhaps  durmg  the  hrst 

year  of  life.  ,•  •  i  i  •  ^  +u 

Description.    Trachoma  may  be  conveniently  divided  into  three 

^^'rirst,  the  stage  of  hypertrophtj ,  in  which  the  granules  are  discrete, 
and  the  area  of  the  conjunctiva  is  as  great  or  greater  than  m  the 
normal,  no  cicatricial  tissue  having  formed.  This  stage  presents 
three  distinct  phases: 

(a)  The  granules  develop  without  discomfort  to  the  patient,  very 
little  mucous  secretion  being  present— not  sufficient  to  seal  the  hcls 
in  the  morning;  there  is  a  slight  excess  of  lacrymation,  and  the  lids 
appear  slightly  thickened.  There  is  no  redness  of  the  ocular  con- 
jimctiva,  nor  is  the  cornea  affected. 

(b)  This  is  the  form  of  onset  most  frequently  observed.    The  patient 
complains  of  pain  in  the  eyelids,  which  feel  hot  and  rough.    There  is 
evidence  of  pronounced  hritation,  lacrymation  is  increased,  and  m  a 
few  days  after  the  discomfort  is  first  experienced  a  mucopurulent 
discharge  is  present,  not  however  in  large  quantity;  the  lacryniation 
continues,  the  ocular  conjunctiva  becomes  injected,  and  even  m  the 
relatively  early  part  of  this  stage  the  cornea  may  give  evidence  of 
involvement.    On  everting  the  lids,  the  conjunctiva  is  found  to  be 
deeply  injected  and  thickened;  and  if  the  inflamed  condition  has  lasted 
two  to  four  weeks,  granules  may  be  seen  on  the  tarsal  conjunctiva 
and  possibly  in  the  retrotarsal  folds.    Often  the  hypertrophy  of  the 
conjunctiva  is  sufficient  to  mask  the  presence  of  the  granules,  and 
they  become  visible  only  after  the 
swellmg  of  the  conjunctiva  has  sub- 
sided. The  preauricular  glands  are  en- 
larged. When  occurring  in  residential 
schools,  asylums,  reformatories,  and  in 
families,  the  disease  spreads  rapidly, 
and,  unless  isolation  is  practised,  many 
of  the  inmates  become  affected. 

(c)  This  phase  is  fortunately  rare; 
it  is  the  most  severe,  usually  affecting 
young  and  middle-aged  adults.  The 
onset  is  rapid.  Burning  and  scratch- 
ing of  the  lids  are  complained  of. 
The  lids  become  moderately  swollen. 
There  is  lacrymation,  and  in  a  day  or  two  a  mucopurulent  and 
sanguinolent  discharge.  Hypertrophy  of  the  conjunctiva  is  present 
after  a  few  days;  at  the  end  of  ten  days  or  two  weeks  the  conjunctiva 
is  greatly  thickened,  the  entire  fornix  presenting  a  plaque  of  lymphoid 
tissue.  The  ocular  conjunctiva  becomes  deeply  injected,  and  it  is  not 
unusual  to  observe  evidence  of  corneal  irritation  early  in  the  course 


Fig.  132. 


Conjuiiciiva  of  upper  lid  in  chronic  gran- 
ular conjunctivitis.  (Arlt.) 
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of  the  disease.  The  preauricular  lymph  glands  are  swollen  and  in 
some  cases  the  submaxillary  glands  are  similarly  affected.  ' 

The  first  stage  of  trachoma  may  last  six  weeks  to  a  year-  it  grad 
ually  passes  nito  the  second  stage,  which  may  be  termed  the  staqe  of 
coalesceyice  or  beginning  of  cicatrization.  This  stage  is  common  to  the 
three  phases  of  onset,  appearing  later  in  the  first  phase  than  in  either 
ot  the  others.  The  granules,  which  before  were  discrete  in  the  first 
two  phases  of  onset,  coalesce,  and  cicatricial  tissue  appears  in  the  form 
of  narrow  bands  throughout  portions  of  the  palpebral  conjunctiva 
I  he  area  of  the  conjunctival  surface  diminishes,  and  the  cul-de-sacs 
decrease  in  depth;  with  this  change  the  tarsus  becomes  narrower  and 
shorter  and  abnormally  acutely  curved.  The  rough  surface  of  the 
hds  rubs  against  the  cornea  and  destrovs  its  epithelium  Vascular 
pannus  forms,  superficial  ulcerations  of  the  cornea  follow  and  if 
pathogenic  germs  find  entrance  to  the  corneal  tissue,  deep  ulcers  with 
more  or  less  destruction  of  the  cornea,  ensue.  The  margins  of  the 
hds  becorne  inverted  (entropion),  and  the  lashes  rub  against  the 
cornea.    The  palpebral  fissure  is  narrowed. 

Trachomatous  tissue  may  appear  on  the  ocular  conjunctiva  the 
caruncle,  or  even  on  the  cornea.  Years  may  elapse  before  the  se'cond 
stage  passes  into  the  third  stage,  which  is  known  as  the  stage  of  atrophy 
or  cicatrization.  The  cornea  now  presents  an  opaque  appearance 
ihe  conjunctiva  is  much  reduced  in  area,  and  presents  none  of  the 
appearances  of  the  normal  mucous  membrane;  the  surfaces  are  drv 
except  perhaps  for  the  presence  of  a  few  islets  of  approximately 
normal  tissue.  Vision  is  reduced  to  perception  of  light-  the  con- 
junctival surface  as  well  as  the  cornea  is  dry  (xerosis  cicatricialis) 
and  pale  in  color. 

Trachoma  need  not  necessarily  pass  through  all  of  these  stages,  but 
may  be  arrested,  with  the  preservation  of  what  normal  tissue  remains 
at  any  part  of  the  first  or  second  stage.  The  disease  ceases  spon- 
taneously m  rare  cases,  but  too  frequently  persists  throughout  the 
life  ot  the  patient  if  treatment  is  not  resorted  to. 

Causes  While  trachoma  is  not  confined  to  the  poor,  it  is  much  more 
frequently  met  with  among  them,  filth,  overcrowding,  vitiated  atmos- 
phere, and  improper  and  insufficient  food  contributing  to  its  produc- 
tion. It  IS  possible  that  a  contagium  must  be  added  to  produce  the 
disease.  Many  researches  have  been  undertaken  to  discover  the 
specific  cause,  and  a  micro-organism  has  been  isolated  which  bears  a 
close  relation  to  the  disease;  this  micro-organism,  which  is  a  small 
double  coccus,  has  been  described  by  Sattler  and  Michel  Mutler- 
milch  has  described  a  fungus  which  he  terms  Microsporosa  trachoma- 

A^uu""-  ,  ^7 /""'^  ^''^^^y  ^'^''^  described  parasitic  protozoa. 
Although  It  IS  believed  to  be  a  microphytic  disease,  sufl5cient  evidence 
IS  not  yet  at  hand  to  establish  the  identity  of  any  known  germ  as  the 
specific  cause. 

_  It  cannot  be  demonstrated  that  any  condition  of  the  system  pre- 
disposes to  trachoma.    It  is  found  in  the  robust  as  well  as  in  the 
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poorly  nourished.  Lymphatic  individuals  do  not  appear  to  con- 
tract the  disease  more  readily  than  others. 

Pathology.  The  trachoma  follicle,  which  is  substantially  a  minia- 
ture lymph  gland,  is  the  essential  element;  these  follicles  consist  of  a 
delicate  indefinite  connective-tissue  capsule  containing  a  mass  of 
lymphoid  cells,  this  collection  of  cells  being  traversed  by  very  fine 
connective-tissue  trabeculte.  (Plate  V.)  Small  bloodvessels  ramify 
in  the  connective-tissue  stroma  that  surrounds  the  follicle,  and  capil- 
laries are  fomid  in  the  mass  of  cells  that  form  the  follicle.  As  the 
disease  passes  into  the  second  stage,  the  septa  between  individual 
follicles  disappear  and  the  lymphoid  masses  become  continuous,  form- 
ing plaques  of  various  sizes,  and  the  substantia  propria  of  the  conjunc- 
tiva gradually  gives  place  to  cicatricial  tissue.  The  epithelium  cover- 
ing the  granules  varies  in  thickness  and  is  irregular. 

Diagnosis.  Trachoma  in  its  first  stage  may  be  confounded  with 
vernal  catarrh,  tuberculosis  of  the  conjunctiva,  and  Parinaud's  disease. 
The  history  of  the  case  will  suffice  to  distinguish  it  from  the  first,  or, 
if  the  history  is  not  sufficient,  microscopical  examination  of  a  nodule 
will  suffice.  In  vernal  catarrh  the  nodule  is  a  fibroma.  The  micro- 
scopical examination  with  the  history  of  the  case  will  suffice  to  dis- 
tinguish it  from  tuberculosis,  and  in  Parinaud's  disease  the  excessive 
involvement  of  the  cervical  and  preauricular  glands  with  the  affection 
confined  to  one  side  (as  it  usually  occurs)  will  be  sufficient. 

Prognosis.  This  is  favorable  when  the  disease  is  seen  in  the  first 
or  early  part  of  the  second  stage.  When  the  cornea  has  become 
mvolved,  further  damage  may  be  obviated;  but  the  tissues  destroyed 
cannot  be  restored. 

Treatment.  This  is  prophylactic,  medicinal,  and  surgical.  Tra- 
choma should  be  treated  as  a  contagious  disease.  In  homes  care 
should  be  taken  to  require  the  patient  to  sleep  alone  and  to  prevent 
other  members  of  the  family  from  using  towels,  handkerchiefs,  wash- 
ing utensils,  etc.,  that  are  employed  by  the  patient.  In  asylums, 
barracks,  etc.,  isolation  with  individual  towels  should  be  enforced. 

Medicinal.  The  eyes  should  be  thoroughly  cleansed  as  often  as  is 
necessary  to  keep  them  free  from  discharge,  by  bathing  with  a  solu- 
tion of  boric  acid  or  mercuric  chloride  (1  :  15,000) ;  eyedrops  of 
mercuric  chloride  (1  :  5000  to  1  :  3000),  formalin  (1  :  3000),  chlorine 
water  (50  per  cent.,  U.  S.  P.),  or  chloride  of  zinc  (gr.  j  to  .^j),  may  be 
instilled  into  the  eye  three  or  four  times  daily ;  the  conjunctival  surface 
may  be  sprayed  once  daily  with  tannic  acid  and  glycerin  (gr.  xxx  to 
Ix  to  ^]).  Boroglyceride  (30  to  50  per  cent.)  may  be  applied  to 
the  surface  of  the  conjunctiva,  and  is  of  value  in  the  later  stage,when 
there  is  more  or  less  xerosis.  Iodide  of  benzosinal,  2  per  cent.  (Sea- 
brook),  may  be  of  service.  Jequirity  bean  in  infusion  and  in  powder 
is  employed  to  excite  a  counter-inflammation  to  cause  absorption  of 
the  follicles. 

Solid  Applications.  The  remedy  that  finds  most  favor  in  cases  of 
trachoma  where  the  discharge  is  not  profuse  is  the  crystal  of  the 
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sulphate  of  copper;  this  is  appUed  by  Ughtly  and  rapidly  passing  the 
smooth  crystal  over  the  affected  portions  of  the  conjunctiva.  The 
sulphate  of  aluminium  and  potassium  crystal  and  the  stick  of  miti- 
gated nitrate  of  silver  are  also  employed  with  benefit. 

Of  the  powders,  iodoform,  iodol,  aristol,  boric  acid,  or  calomel 
may  be  dusted  on  the  affected  parts  after  cleansing.  Corneal  com- 
plications usually  require  atropine,  but  nothing  additional. 

Surgical.  Comprises  the  various  methods  employed  for  remov- 
ing the  granules.  Galezowski,  in  1874,  advocated  removal  of  the 
retrotarsal  fold  under  ether  anaesthesia  by  seizing  the  fold  with 
forceps,  drawing  it  down  and  excising  it.  The  operation  should 
never  be  resorted  to,  as  it  is  too  destructive  of  conjunctival  tissue. 


Fig.  133. 


Knapp'B  expression  forceps. 


The  method  that  has  found  most  favor  is  that  of  expression,  for 
which  a  number  of  instruments  have  been  devised,  known  as  expres- 
sion forceps.  (Fig.  133.)  In  1889  Prince  presented  a  "ring"  forceps 
for  this  purpose  before  the  Illinois  State  Medical  Society.  Other 
forceps  are  those  of  H.  D.  Noyes,  Knapp,  and  Gruening.  Scari- 
fication of  the  epithelial  covering  of  the  granules  before  expression 
is  attempted  facilitates  escape  of  the  contents.  For  this  step,  the 
Desmarres  scarificator  or  that  of  the  writer  may  be  employed.  Fig. 
134.)  As  the  operation  is  painful,  ether  anesthesia  is  desirable, 
but  cocaine  may  be  used.    The  lids  are  fully  everted,  the  surface 


Fig.  134. 


Weeks'  scarificator. 


superficially  scarified,  and  the  shallow  incisions  directed  parallel 
to  the  margm  of  the  lid.  The  folds  of  conjunctiva  are  seized 
with  the  forceps  and  freed  from  the  trachomatous  tissue  by  a 
gentle  stripping  motion.  Afterward  the  surface  may  be  bathed 
with  a  weak  sublimate,  boric  acid,  or  normal  saline  solution,  and 
treated  by  cold  compresses  without  bandaging,  or  a  bandage  may 
be  applied  for  twenty-four  hours;  the  introduction  of  an  oint- 
ment of  mercuric  chloride  in  vaseline  (1  :  5000)  serves  to  prevent 
adhesions  between  the  conjunctival  surfaces  and  to  exert  a  mild 
antiseptic  effect.  The  after-treatment  consists  in  the  use  of  a  mild 
antiseptic  wash  three  times  daily  and  in  breaking  \x\-)  a;iy  adhe- 
sions that  may  form.    Cocaine  anaesthesia  should  be  employed  when 
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these  adhesions  are  attacked.  In  cases  where  the  palpebral  fissure 
is  narrowed  and  the  cornea  is  suffering  from  undue  pressure  from  the 
lids,  canthoplasty  may  be  resorted  to. 

Parinaud's  conjunctivitis  is  a  mucopurulent  affection  of  the 
conjunctiva  characterized  by  the  formation  of  rather  large  granules 
or  elevations  on  the  conjunctiva,  which  sometimes  are  pediculated 
(Gifford).  The  condition  is  accompanied  by  pronounced  swelling  of 
the  preauricular,  retromaxillary,  and  cervical  glands,  which  some- 
times suppurate. 

The  onset  of  Parinaud's  disease,  so  far  as  the  eye  is  concerned,  is 
much  like  that  of  acute  trachoma.  Lacrymation  is  followed  in  forty- 
eight  to  seventy-two  hours  by  a  mucopurulent  secretion,  with  swell- 
ing of  the  lids,  which  in  severe  cases  is  pronounced.  On  everting 
the  upper  lid  on  the  third  or  fourth  day,  elevations  are  observed 
which  resemble  the  granules  in  acute  trachoma;  these  nodules  gen- 
erally become  somewhat  larger  than  in  trachoma,  and  soon  superficial 
ulcers  are  observed  in  the  sulci  between  the  small  nodules.  The 
ulcers  seem  to  bear  some  relation  to  the  degree  of  involvement  of  the 
preauricular  and  cervical  glands;  when  the  ulcers  are  numerous  the 
glands  are  most  severely  affected.  Ulceration  of  the  cornea,  which 
is  an  occasional  complication,  is  also  more  apt  to  occur  when  the  con- 
junctival ulceration  is  most  marked.  Chills  and  fever  accompany 
the  affection. 

Cause.  The  disease  is  supposed  to  be  due  to  an  infection  of  animal 
origin;  it  attacks  individuals  of  all  ages,  is  monolateral,  and  does  not 
appear  to  be  contagious.  No  specific  micro-organism  has  been  dis- 
covered, although  the  nature  of  the  disease  pouits  strongly  to  a  specific 
cause. 

Duration.  The  disease  may  terminate  in  three  weeks,  or  it  may 
persist  for  six  or  eight  months.  Relapses  are  very  apt  to  occur,  but 
eventually  perfect  recovery  takes  place. 

Treatment.  No  special  treatment  directed  to  the  nodules  is  neces- 
sary. Frequent  cleansing  with  a  solution  of  boric  acid  seems  to  be 
sufficient.  A  solution  of  mercuric  chloride  (1 :  3000)  may  be  instilled 
every  four  hours,  or  calomel  may  be  dusted  onto  the  lids 

Gout  of  the  Conjunctiva.  An  intense  oedematous  swelling  of  the 
conjunctiva  of  the  lids  and  of  the  eyeball,  accompanied  by  profuse 
lacrvmation,  with  little  mucus,  and  occasioning  great  discomfort  to  the 
patient,  is  sometimes  met  with  in  individuals  who  suffer  from  gout. 
This  form  of  conjunctival  irritation  closely  resembles  the  manifesta- 
tions of  gout  as  observed  in  the  swelling  of  the  great  toe,  the  cedema 
of  the  ankles  and  other  distal  articulations.  It  appears  suddenly, 
reaching  its  height  in  twenty-four  to  forty-eight  hours,  and  recedes 
in  five  to  ten  days.  Chemosis  may  be  marked.  It  is  usually  accom- 
panied by  gouty  manifestations  in  other  parts  of  the  system,  and  is 
the  occasional  manifestation  of  a  gouty  crisis. 

Treatment.    Locally,  cleansing  of  the  conjunctival  sac  three  or 
four  times  daily  with  a  solution  of  boric  acid  and  the  application  of 
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cool  lead-and-opium  wash  compresses  to  the  hds.  Internally,  treat- 
ment shoukl  be  directed  against  the  gouty  condition. 

Pemphigus.  This  affection,  which  runs  a  specific  course,  but  for 
which  no  cause  has  as  yet  been  determined,  is  extremely  rare, 
occurring  but  three  times  in  70,000  cases  of  eye  disease  observed  by 
Homer.  It  is  characterized  by  the  formation  of  transient  bulla}, 
which  form  on  the  palpebral  and  at  times  on  the  ocular  conjunctiva' 
on  a  reddened  base.  The  bullae  soon  break,  leaving  a  floor  slightly 
paler  than  the  surrounding  conjunctiva,  with  shreds  of  epithelium 
hanging  to  its  borders ;  the  denuded  surface  is  soon  covered  by  new- 
formed  epithelium,  and  the  process  is  shortly  repeated.  The  denuded 
surfaces  become  agglutinated  to  opposing  denuded  surfaces,  and 
soon  meridianal  bands  of  connective  tissue  join  the  ocular  and  pal- 
pebral conjunctiva.  Cicatricial  tissue  slowly  forms  in  the  substantia 
propria  of  the  conjunctiva,  and  after  many  years  the  conjunctival  sac 
becomes  obliterated  and  superficial  ulceration  of  the  cornea  develops. 
A  contlition  of  cicatricial  xerosis  is  gradually  reached  and  vision  is 
reduced  to  ]3erception  of  light. 

Cause.  Pemphigus  usually  accompanies  pemphigus  vulgaris  or 
pemphigus  foliaceus,  and  depends  on  a  dyscrasia  of  the  system.  It 
attacks  individuals  at  all  ages. 

Treatment.    Treatment  is  of  little  value. 


Forms  of  Conjunctivitis  in  which  the  Etiological  Factor  has  been 

Determined. 

Acute  contagious  conjunctivitis  fpink  eye)  is  due  to  the  presence 
of  a  small  bacillus  known  as  the  Weeks  and  as  the  Koch-AVeeks  bacil- 
lus (Plate  VL,  Fig.  1),  first  mentioned  by  Koch  in  1883,  and  proved 
to  be  the  sj^ecific  micro-organism  by  Weeks  in  November,  1886. 

Susceptibility.  All  conjunctivae  are  susceptible  to  the  influence  of 
this  micro-organism.  One  attack  of  the  disease  does  not  produce 
immunity. 

Symptoms.  For  thirty-six  to  forty-eight  hours  after  the  inception 
of  the  contagium  nothing  further  than  a  slight  itching  of  the  eye  is 
experienced.  On  the  morning  of  the  second  day  the  margins  of  the 
lids  are  stuck  together  by  a  mucopurulent  secretion.  There  is  a 
burning  sensation  in  the  lids.  Interference  with  vision  is  slight. 
Toward  evening  the  mucopurulent  secretion  increases  and  the  general 
discomfort  is  more  marked.  By  the  fourth  day  the  secretion  has 
assumed  a  yellowish  color  and  is  quite  copious.  The  height  of  the 
disease  is  usually  reached  on  the  third  or  fourth  day.  The  acute 
stage  lasts  from  three  to  seven  days,  and  may  be  accompanied  by 
coryza  and  frontal  headache.  In  the  early  part  of  the  acute  stage 
numerous  small  extravasations  of  blood  are  frequently  observed  in 
the  ocular  conjunctiva.  This  symptom  is  so  pronounced  that  some 
English  surgeons  have  termed  the  disease  "hemorrhagic  conjunctivi- 


PLATE  VI. 


FIG.  1. 


Koeh-Weeks  Bacillus. 

FIG.  2. 


Morax-Axenfeld  DiplobacillLis. 
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tis."  The  congestion  of  the  ocular  conjunctiva  in  the  acute  stage 
gives  the  eye  a  vivid  red  appearance,  which  has  caused  this  form  of 
conjunctivitis  to  be  popularly  known  as  "pink  eye."  As  the  acute 
stage  subsides,  the  secretion  becomes  less  copious  but  thicker.  A 
bright-yellow  mass  of  secretion  is  present  at  the  inner  canthus  in  the 
morning,  a  sign  that  is  almost  pathognomonic  of  the  disease.  With 
subsidence  of  the  secretion  and  of  the  swelling  of  the  lids  and  con- 
junctiva, the  painful  symptoms  disappear;  however,  a  sensation  of 
dryness  of  the  conjunctiva  persists  for  weeks,  particularly  noticeable 
on  use  of  the  eyes  with  artificial  light. 

Duration.  If  simple  cleanliness  is  observed,  the  disease  usually 
runs  its  course  in  two  or  three  weeks,  all  of  the  symptoms  disappear- 
ing. It  may  last  for  six  months  if  no  treatment  is  instituted.  Under 
suitable  treatment  the  average  duration  is  eight  to  twelve  days. 

Contagious  Qualities.  Mucopurulent  conjunctivitis  is  extremely 
contagious.  In  residential  schools,  asylums,  barracks,  penal  institu- 
tions, communities,  and  families,  it  frequently  becomes  epidemic.  It 
may  become  endemic.  Communication  from  one  individual  to 
another  is,  probably,  by  means  of  towels,  common  bathing  water,  etc., 
as  well  as  by  direct  contact.  There  is  little  doubt  that  the  contagious 
element  may  be  carried  by  draughts  of  air  and  by  the  water  in  public 
baths. 

Diagnosis.  In  a  t3^ical  case  the  diagnosis  is  comparatively  easy. 
In  severe  cases  the  condition  may  be  mistaken  for  gonorrhoeal  con- 
junctivitis, or  even  for  diphtheria  in  cases  where  a  pseudomembrane 
occurs.  The  microscope  is  necessary  to  clear  up  the  diagnosis  in 
these  cases. 

Complications.  Phlyctenulse,  pseudomembrane,  corneal  ulcer 
(rarely). 

Prognosis.    Favorable  in  all  cases. 

Prophylaxis  is  all-important,  and  consists  in  strict  quarantine 
until  all  of  the  secretion  has  disappeared. 

Treatment.  Cold  applications  to  the  lids  for  one  hour  at  a  time 
three  times  daily  during  the  acute  stage.  Frequent  cleansing  with 
sterile  boric  acid  solution  (3  per  cent.)  should  be  resorted  to.  As  the 
acute  stage  begins  to  subside  much  benefit  is  derived  from  applying 
a  0.5  per  cent,  solution  of  nitrate  of  silver  to  the  conjunctival  surface 
once  daily  until  the  secretion  ceases. 

Pneumococcic  Conjunctivitis.  Acute  contagious  conjunctivitis, 
due  to  the  presence  of  the  pneumococcus  first  described  as  a  cause 
of  conjunctivitis  by  Morax,  in  1894.  The  clinical  features  of  this 
disease  are  similar  to  those  of  the  affection  just  described,  except 
that,  as  a  rule,  the  disturbance  is  less  severe.  The  description  and 
treatment  just  given  will  suffice  for  this  form  of  conjunctivitis. 

Contagious  Qualities.  Pneumococcus  conjunctivitis  affects  children 
and  adults,  and  it  may  become  epidemic.  It  has  been  proved  by 
the  researches  of  Gasperini,  Gifford,  and  others,  that  a  susceptible 
condition  of  the  conjunctiva  must  exist  before  the  disease  in  question 
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can  be  produced.  It  is  well  known  that  the  AVeichselbaum  pneumo- 
coccus  may  exist  m  the  normal  conjunctival  sac  without  producing 
mflammation.  ^ 

Diagnosis  It  is  difficult  to  differentiate  it  from  conjunctivitis  due 
to  the  small  bacillus.  The  microscope  will  serve  to  establish  the 
diagnosis. 

Duration.    Time,  three  days  to  two  weeks. 
Prognosis.    Good  in  all  cases. 

Subacute  Conjunctivitis  (Diplobacillus  Conjunctivitis)  This 
form  of  conjunctivitis  is  insidious  in  its  onset,  producing  redness 
and  slight  thickenmg  of  the  conjunctiva,  largely  confined  to  the  con- 
junctiva of  the  hds  and  fornices.  There  are  slight  increase  in  lacry- 
mation,  a  scanty  secretion  of  mucus,  with  some  pus  corpuscles  irri- 
tation as  of  a  foreign  body  in  the  eye,  and  burning  sensations  on  use 
of  the  eyes.  The  annoyance  is  relatively  slight,  but  persistent.  The 
eyelids  may  become  somewhat  congested,  but  they  are  not  appreciably 
thickened.  In  rare  cases  the  cornea  becomes  involved,  a  superficial 
marginal  keratitis  being  produced,  followed  by  cloudiness  of  the 
affected  area.  This  may  advance  and  narrow  the  transparent  area 
of  the  cornea  to  very  small  limits. 

Cause.  Morax,  and  later  Axenfeld,  have  described  a  bacillus  as 
the  cause  of  this  disease,  and  their  studies  have  been  confirmed  by 
Gifford  and  others.  The  bacillus  measures  2  to  3  «  in  length  and 
1  to  1.5// in  breadth.    (Plate  VI.,  Fig.  2.) 

Duration.    Tlie  disease  may  last  for  six  weeks  or  as  many  months. 

Contagiousness.    Very  slight. 

Treatment.  The  eye  should  be  cleansed  with  a  boric  acid  solution, 
and  zinc  chloride  (gr.  j  to  Sj)  should  be  instilled  twice  or  three 
times  a  day. 

Gonorrhoea!  Conjunctivitis  (Purulent  Conjunctivitis;  Acute  Blen- 
norrhcea).  This  disease  is  described  under  two  titles,  namely, 
gonorrhcral  ophthalmia  and  ophthalmia  neonatorum,  the  latter  term 
being  applied  to  the  disease  as  it  occurs  in  infants  less  than  one  year 
of  age. 

Cause.  This  affection  is  due  to  the  presence  in  the  conjunctival  sac 
of  the  gonococcus  of  Neisser,  described  by  him  in  1879.  (Plate  VII.) 
The  contagium  is  most  frequently  conveyed  by  the  finger  from  an 
active  gonorrhoea!  urethritis  or  from  a  gleet;  towels,  washing  utensils, 
soijed  linen,  etc.,  may  be  the  means  of  carrying  it.  In  all  proba- 
bility the  micro-organism  is  not  carried  by  currents  of  air.  This 
micro-organism  attacks  all  human  conjunctivje  with  which  it  comes 
in  contact,  regardless  of  the  condition  of  t!ie  mdividual. 

Description  of  the  Disease,  Acute  Stage.  A  period  of  twelve  to  tliirty- 
six  hours  is  required  after  the  entrance  of  the  contagium  to  produce 
marked  disturbances,  t!ien  the  lacrymation  is  increased,  the  conjunc- 
tiva soon  becomes  injected,  and  swelling  rapidly  adA^ances.  Twenty- 
four  hours  later  the  lids  have  become  much  swollen,  the  conjunc- 
tiva thickened  and  deeply  injected,  and  the  secretion  mucopurulent, 
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sometimes  sanguinolent  and  mixed  with  the  lacrymal  fluid.  Burn- 
ing and  gritty  sensations  are  experienced;  dull  paui  in  the  eye 
is  occasioned  by  pressure  of  the  lids.  In  two  or  three  days  the 
height  of  the  acute  stage  is  reached.  The  swelling  of  the  lids  now  is 
often  enormous.  The  eyelids  cannot  be  opened  by  the  patient,  and 
are  opened  with  difficulty  by  the  surgeon.  The  palpebral  conjunctiva 
is  much  thickened  and  velvety,  due  to  a  cellular  infiltration ;  the  ocular 
conjunctiva  is  swollen  and  often  glistening;  small  ecchymotic  spots 
are  sometimes  present;  chemosis  is  marked.  The  secretion,  which  is 
yellow,  not  very  thick,  and  almost  entirely  free  from  mucin,  flows 
from  beneath  the  upper  lid  onto  the  cheek,  matting  the  cilia.  The 
acute  stage  continues  five  to  eight  days,  when  it  gradually  passes 
into  the  subacute  stage.  The  tense  swelling  of  the  lids  subsides  and 
the  venous  stasis  is  relieved.  The  secretion,  which  is  copious,  is 
creamy,  the  conjunctiva  is  thickened  and  thrown  mto  folds  and 
nodules,  and  the  chemosis  is  less  marked.  With  diminution  in  the 
weight  and  tension  of  the  lids  the  pain  becomes  less  severe.  _  This 
stage  may  last  two  or  three  weeks,  and  recovery  then  be  established ; 
or  the  disease  may  pass  into  a  chronic  stage,  which  may  continue 
for  weeks  or  even  months. 

Severity.  The  description  just  given  applies  to  the  ordinary  cases 
met  with.  Cases  occur  in  which  the  affection  is  exceedingly  light, 
the  discharge  scanty  and  not  free  from  mucus.  Some  cases  are  ex- 
tremely severe,  and  the  swelling  of  the  lids  and  conjunctiva  great. 
The  conjunctiva  is  pale  in  hue,  from  the  pressure  of  the  infiltration. 
Pseudomembranes  form  on  the  surface  of  the  palpebral  conjunctiva, 
often  closely  resembling  diphtheria.  The  severe  cases  occur  most 
frequently  in  adults. 

Complications.  The  cornea  is  involved  in  about  33  per  cent,  of  the 
cases  occurring  in  adults ;  the  ultimate  impairment  of  vision  varies 
much ;  complete  destruction  of  vision  may  occur.  Ulcer  of  the  cornea 
does  not  occur  ordinarily  until  the  second  week  of  the  disease.  Gonor- 
rhoeal  iritis  and  irido choroiditis  may  complicate  the  attack.  Gonor- 
rhceal  rheumatism  may  also  result.  This  complication  occurs  only 
in  the  late  stage  of  the  disease.  Pseudomembrane  forms  on  the 
palpebral  conjunctiva  m  perhaps  20  per  cent,  of  the  cases  that  occur 
in  adults. 

Diagnosis.  Light  forms  of  the  disease  may  be  confounded  with 
acute  contagious  conjunctivitis;  severe  cases  may  be  mistaken  for 
diphtheria.  Microscopical  examination  of  the  secretion  will  serve 
to  make  the  diagnosis  clear  in  the  greater  number  of  cases.  In  cases 
that  have  been  under  treatment  for  some  time  and  m  the  very 
mild  cases  it  is  difficult  to  find  the  gonococcus,  but  patient  search 

is  usually  rewarded. 

Prophylaxis.  One  who  has  gonorrha?al  urethritis  should  be  cau- 
tioned regarding  the  danger  of  infecting  the  conjunctiva.  After  a 
gonorrhreal  conjunctivitis  is  established  in  one  eye,  care  should  be 
observed  not  to  convey  the  contagion  to  the  other  eye.    In  adults 
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it  is  wise  to  protect  the  eye  either  by  a  carefully  applied  aseptic 
bandage  sealed  at  the  nasal  half  with  collodion,  or,  better  a  Bi  W 
shield  may  be  employed.  This  consists  of  a  watch-glass' which  k 
secured  over  the  eye  by  means  of  rubber  adhesive  plaster  A  1 
dressmgs  that  come  from  the  eye  should  be  destroyed  and  thp 
greatest  care  should  be  observed  in  the  disinfection  of  appliances 
used.  The  nurse  and  others  in  attendance  should  be  instructed  re 
gardmg  the  danger  and  the  precautions  necessarv.  The  hands  should 
be  washed  after  touching  the  eye.  ' 

Treatment.    In  cases  that  are  seen  m  twenty-four  or  thirty-six  hours 
after  the  eye  has  been  infected,  it  is  possible  to  abort  the  disease 
in  a  number  of  cases  at  least.    This  is  done  by  thoroughly  cleansine 
the  eye,  freemg  It  from  all  secretion,  thoroughly  applying  a  solution 
ot  nitrate  of  silver  (1  to  2  per  cent.)  to  the  entire  surface  of  the 
conjunctiva  twice  m  twenty-four  hours,  and  making  cold  applications 
to  the  lids.    After  three  applications  the  silver  may  be  stopped 
ihe  use  of  boric  acid  for  cleansing  the  conjunctiva  should  be  con- 
tinued for  a  few  days,  as  should  also  the  cold  applications  The 
greater  number  of  cases  have  progressed  too  far  when  seen  hy  the 
surgeon  to  permit  of  abortive  treatment.    Careful  vigorous  treat- 
ment should  be  commenced  at  once.    If  the  lids  are  much  swollen 
cold  applications  should  be  made  constantly.    If  the  lids  are  not 
greatly  swollen,  the  applications  may  be  made  for  three  hours  at  a 
time,  an  mterval  of  one  hour  permitted,  and  the  cold  applications 
resumed.    This  should  be  continued  until  the  acute  stage  has  passed 
and  the  frequency  and  length  of  time  gradually  diminished 

Method  of  Making  Cold  Applications.  Pledgets  of  linen  one  and 
one-half  by  two  inches  square,  of  three  or  four  thicknesses,  or  squares 
of  patent  lint  or  absorbent  cotton,  should  be  prepared,  and  after 
being  moistened,  placed  on  a  cake  of  ice  to  the  number  of  a  dozen  or 
more.  (A  thm  piece  of  linen  may  be  spread  on  the  ice  and  the  pads 
laid  on  the  linen.)  The  pledgets  should  be  changed  from  ice  to  eye 
every  one  to  two  minutes,  or  sufficiently  often  to  keep  cool  the  pledget 
that  rests  on  the  eye.  To  carry  out  this  treatment  requires  the 
constant  attendance  of  two  nurses— one  for  day  and  one  for  night 
duty.  It  may  happen  that  the  eye  is  kept  too  cold  and  the  corneal 
tissue  loses  its  vitality.  This  calamity  may  easily  be  avoided 
by  inspecting  the  cornea  from  time  to  time.  In  such  cases  the 
cornea  becomes  uniformly  hazy,  takmg  on  the  appearance  of  ground 
glass.  If  the  cornea  shows  the  effect  of  cold,  the  applications  should 
be  made  for  a  few  hours  at  a  time,  and  the  intervals  lengthened. 
Heat  is  not  desirable  until  the  gonococci  have  disappeared;  in  the 
later  stage  of  the  disease  it  may  be  of  service. 

The  eye  should  be  kept  as  clean  as  possible  by  frequent  bathing  with 
a  solution  of  boric  acid  (3  per  cent.),  or  mercuric  chloride,  1:  15,000. 
In  cleaning  the  eye,  the  lids  should  be  separated  very  gently  and 
the  solution  be  permitted  to  enter  the  eye  by  dripping  from  a  pledget 
of  cotton,  by  pouring  from  an  undine,  or  by  a  gentle  stream  from 
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a  pipette.  For  washing  the  eye,  boric  aeid,  trikresol,  potassium  per- 
manganate, mercuric  cliLoride  or  cyanide,  formaldehyde  1  :  10,000 
to  1 :  5000,  or  hydrogen  dioxide  (one-third,  U.  S.  P.)  may  be  employed. 
The  peroxide  of  hydrogen  may  be  employed  four  or  five  times  daily 
for  this  purpose.  Potassium  permanganate,  1  :  2000,  to  irrigate  the 
conjunctiva,  is  efficient. 

It  has  been  found  advantageous  to  stuff  the  conjimctival  sac  with 
boric  acid  ointment  (5  per  cent,  of  boric  acid  vaseline,  Wilson)  each 
tmie  after  bathing  the  eye.  Applications  of  a  solution  of  nitrate  of 
silver  (0.5  to  2  per  cent.)  may  be  made  once  in  twenty-four  hours. 
Solutions  stronger  than  five  or  ten  grains  to  the  omice  are  seldom 
necessary. 

Protargol,  20  to  40  per  cent.,  may  be  applied  to  the  conjunctiva 
once  or  twice  daily.  The  continued  use  of  this  drug  produces  a 
thickening  of  the  conjmictiva  that  is  recovered  from  but  slowly.  It 
may  be  employed  with  advantage  for  a  few  days  during  and  imme- 
diately following  the  very  acute  stage. 

When  ulcer  of  the  cornea  is  threatened,  borated  vaseline  should 
be  applied  at  least  every  two  hours  to  the  corneal  surface  after  thor- 
ough cleansing  of  the  cornea  and  conjunctiva.  To  the  vaseline, 
atropine  may  be  added  in  the  proportion  of  one  grain  to  the  ounce, 
or  atropine  in  solution,  1  per  cent.,  may  be  instilled  twice  daily.  If 
perforation  is  imminent,  paracentesis  may  be  done  through  the  floor 
of  the  ulcer.  If  there  is  no  evidence  of  congestion  or  inflammation 
of  the  iris,  and  the  ulcer  progresses,  eserine  (0.5  per  cent.)  may  be 
instilled  twice  daily.  The  leucomata  and  staphylomata  and  the 
shrunken  globes  that  follow  in  some  cases  should  be  treated  as 
thought  most  expedient. 

Depletion.  If  the  lids  are  greatly  swollen  and  the  cornea  likely  to 
suffer  from  pressure,  a  free  canthotomy  may  be  performed,  which  af- 
fords depletion  as  well  as  release  of  tension.  Critchett's  operation, 
which  consists  in  splitting  the  upper  lid  vertically  through  its  entire 
thickness  and  stitching  the  flaps  to  the  brow,  restoring  the  lid  by  a 
plastic  operation  after  the  disease  has  subsided,  may  be  resorted  to. 
vScarification  of  the  chemotic  tissue  may  be  done  in  some  cases. 

Constitutional.  The  general  condition  of  the  patient  should  be 
studied,  and  such  measures  as  are  required  to  maintain  the  normal 
vital  processes  in  full  vigor  should  be  instituted. 

Ophthalmia  Neonatorum.  Liberally  construed,  this  term  may  be 
made  to  include  the  purulent  or  mucopurulent  inflammations  of  the 
conjunctiva  that  occur  during  the  first  year  after  birth.  Ordmanly 
the  term  is  applied  to  those  forms  of  conjunctivitis  that  appear  before 
the  end  of  the  first  month  after  birth. 

Cause.  All  who  have  made  careful  bacteriological  examinations  of 
the  secretion  in  cases  of  ophthalmia  neonatorum  are  convinced  that 
the  cases  that  occur  before  the  end  of  the  third  day  after  birth  are 
due  almost  without  exception  to  the  presence  of  the  gonococcus. 
Cases  that  occur  later  may  be  due  to  the  gonococcus,  but  not  a  few 
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are  due  to  the  Koch-Weel^s  bacillus, the  pneumococcus,  the  Klebs- 
LoefHer  bacillus,  or  some  other  form  of  pathogenic  germ  or  irritating- 
substance.  ° 

Method  of  Infection.  We  are  now  concerned  with  the  class  of  cases 
that  occur  in  the  first  few  days  after  birth,  and  need  not  mention  the 
modes  of  infection  that  produce  conjunctivitis  later  than  this  period. 
In  almost  all  of  the  cases  infection  undoubtedly  occurs  during  the 
passage  of  the  child  along  the  genital  tract  of  the  mother  and  just  at 
the  time  of  delivery,  due  to  the  entrance  of  the  vaginal  secretion 
into  the  conjunctival  sacs.  In  rare  cases  infection  takes  place  ante- 
partum, the  disease  being  well  advanced  at  birth.  In  some  cases 
destruction  of  the  cornea  has  already  taken  place.  Infection  by  the 
nurse's  hands,  unclean  washes,  and  soiled  linen  may  occur  after  birth. 

Description  of  the  Disease.  A  slight  redness  of  the  conjmictiva  is 
usually  observed  on  the  second  day,  and  on  the  third  mornuig  the 
lids  are  glued  together  by  a  small  quantity  of  mucopus.  The  lids 
begin  to  swell,  and  soon  the  upper  lids  become  enormously  thick- 
ened, dusky  red,  and  very  tense.  They  overlap  the  lower  lids,  and 
in  the  early  part  of  the  acute  stage  seromucopus  tinged  often  with 
bile  pigment  oozes  from  the  palpebral  fissure.  The  height  of  the 
acute  stage  is  reached  on  the  third  or  fourth  day  after  the  commence- 
ment of  the  disease.  Soon  the  character  of  the  discharge  changes 
to  a  creamy  pus,  large  quantities  of  which  escape;  the  conjunctiva 
becomes  greatly  thickened,  the  palpebral  portion  suffering  more 
than  the  ocular.  The  acute  stage  gradually  passes  into  a  subacute 
condition,  in  which  the  swelling  of  the  lids  subsides;  the  conjunctiva 
although  rough,  becomes  pale  and  atonic,  the  discharge  a  little  less 
creamy  and  less  in  quantity.  This  condition  may  continue  for  weeks 
or  months. 

Severity.  The  above  is  a  description  of  a  case  of  medium  severity. 
Cases  of  much  greater  severity  are  occasionally  observed.  The  onset 
is  more  rapid,  the  secretion  serosanguinolent  at  first;  pseudomem- 
brane  forms  on  the  palpebral  conjunctiva,  and  the  disease  resembles 
diphtheria  of  the  conjunctiva.  A  number  of  cases  are  extremely 
mild;  the  onset  very  slow,  and  recovery  rapid. 

Diagnosis.  The  age  of  the  patient  determines  the  term  to  be  applied 
to  the  disease ;  but  it  is  not  always  easy  to  determine  the  variety  of 
inflammation  without  a  microscopical  examination  of  the  secretion. 
This  will  serve  to  relegate  each  case  to  its  proper  category. 

Complications.  Corneal  ulcer,  destruction  of  the  cornea,  pan- 
ophthalmitis, iritis,  and  gonorrheal  rheumatism  may  complicate 
ophthalmia  neonatorimi. 

Prophylaxis.  It  has  been  fully  demonstrated  that  efficient  meas- 
ures taken  to  prevent  the  development  of  ophthalmia  neonatorum 
serve  to  reduce  the  percentage  from  between  9  and  10  per  cent,  to 
0.5  per  cent,  or  less. 

Just  before  and  during  labor  the  genitals  of  the  mother  should  be 
rendered  as  aseptic  as  possible  by  the  use  of  suitable  douches  and 
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FIC.  1. 


Diphtheria  Bacillus. 


FIG.  2. 


Diphtheria  Bacillus. 


PLATE  IX. 

FIG.  1. 


Staphylococcus  Pyogenes  Aureus. 


FIG.  2. 


Streptococcus  Pyogenes. 
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washes.  Very  shortly  after  the  birth  of  the  child  the  lids  should  be 
freed  from  secretion  by  wiping  with  absorbent  cotton ;  the  eyes  should 
then  be  bathed  with  a  weak  solution  of  mercuric  chloride,  boric  acid, 
or  normal  salme  solution;  the  lids  parted,  and  one  drop  of  a  2  per 
cent,  solution  of  nitrate  of  silver  instilled  from  the  end  of  a  glass 
rod.  If  more  than  one  drop  enters  the  eye,  the  solution  should 
be  neutralized  by  washing  with  normal  saline  solution.  If  the  reac- 
tion is  considerable,  cold  applications  should  be  made  to  the  lids  for 
an  hour  after  the  application.  This  is  the  method  of  Crede,  intro- 
duced by  him  at  the  Lying-in  Hospital  in  Leipzig  in  1880.  Mercuric 
chloride,  1  :  2000,  may  be  substituted  for  the  silver. 

Treatment.  Cold  applications  are  most  desirable  in  the  acute 
stage.  They  should  be  made  more  continuously  in  severe  than 
in  mild  cases,  but  need  not  m  any  case  be  employed  so  continuously 
as  in  adults.  In  some  cases  applications  should  be  made  for  two 
hours  at  a  time,  with  intervals  of  one  or  two  hours.  In  mild  cases, 
one  hour  three  times  daily  will  suffice.  Irrigation  with  boric  acid 
solution  should  be  done  frequently,  every  half-hour  in  an  ordinary 
case,  to  keep  the  eye  free  from  secretion.  Potassium  permanganate 
solution,  1 :  2000,  or  mercuric  chloride,  1 :  15,000,  may  be  substituted 
from  time  to  time  for  the  boric  acid  solution.  As  soon  as  the  tense, 
brawny  condition  of  the  lid  has  partly  subsided,  applications  of  silver 
nitrate,  0.5  to  1  per  cent.,  should  be  made  once  in  twenty-four  hours. 
Protargol,  20  per  cent.,  may  be  substituted  for  the  silver;  but  the 
prolonged  use  of  protargol  should  be  avoided.  The  applications  of 
the  nitrate  of  silver  and  the  bathing  with  boric  acid  solution  should  be 
continued  until  the  secretion  ceases. 

Pathology.  The  pathology  of  gonorrhoeal  ophthalmia  and  that  of 
ophthalmia  neonatorum  are  very  similar.  The  tissue  of  the  lids  is 
infiltrated  by  serum,  plastic  exudation,  and  small  cells.  This  infiltra- 
tion is  undoubtedly  excited  by  ptomaines  produced  by  the  develop- 
ment of  the  gonococcus  in  the  superficial  layer  of  the  conjunctiva. 
The  vessels  of  the  conjunctiva  and  lids  become  enlarged  and  engorged, 
and  a  certain  degree  of  venous  stasis  is  produced.  The  conjunctiva 
becomes  infiltrated  with  small  cells,  is  much  thickened,  and  the  papillte 
are  enlarged.  As  the  disease  subsides  all  the  inflammatory  products 
disappear  without  leaving  a  trace,  except  in  the  very  severe  cases, 
in  which  there  may  be  loss  of  conjunctival  tissue,  and  in  the  very 
chronic  cases,  m  which  nodular  masses  remain  in  the  conjunctiva 
and  the  papillary  body  remains  permanently  hypertrophied. 

Diphtheritic  conjunctivitis  is  a  violent  inflammation  of  the  con- 
junctiva, accompanied  by  the  formation  of  a  pseudomembrane, 
occasionally  accompanying  diphtheria  of  the  nose  and  fauces. 

Cause.  The  Klebs-Loeffler  bacillus  is  the  only  cause  of  this  form 
of  conjunctivitis,  but  this  micro-organism  is  soon  joined  by  others, 
notably  the  streptococcus  and  the  staphylococcus,  which  modify  the 
effect  of  the  Klebs-Loeffler  bacillus,  often  increasing  the  severity  of 
the  disease.    (Plates  VIII.  and  IX.) 


276 


THE  EYE. 


Description.  The  period  of  incubation  is  from  twelve  to  thirty-six 
hoiu-s.  Intense  swelling  of  the  upper  lid,  which  becomes  brawny, 
dusky  red,  and  very  tense,  develops  rapidly,  the  firm  condition 
being  due  to  a  plastic  exudation  into  the  tissue  of  the  lids,  venous 
stasis  from  pressure  imparting  the  cyanotic  appearance.  The  secre- 
tion from  the  lids  is  scant  at  first,  being  composed  of  lacrymal  fluid, 
serum,  and  blood.  Very  little  pus  or  mucus  is  seen  earlier  than  the 
second  day  after  the  onset.  Gradually  the  secretion  becomes  flaky 
and  mucopurulent,  containing  blood  and  shreds  of  fibrin,  which  char- 
acter it  assumes  in  the  subacute  stage,  becoming  purulent  at  the  end 
of  this  stage.  The  tense  swelling  of  the  lids  lasts  from  two  to  five 
days,  after  which  the  lids  become  fiabby,  but  remain  thickened  for 
one  to  three  weeks.  Restoration  to  the  normal  condition  progresses 
very  slowly. 

Pseudomembrane.  At  the  end  of  twenty-four  hours  after  the 
congestion  of  the  conjunctiva  begins  the  palpebral  conjunctiva  is 
covered  with  a  thin  pseudomembrane,  which  rapidly  increases  in 
thickness  and  extends  to  the  ocular  conjunctiva.  The  pseudomem- 
brane persists  until  the  subacute  stage  is  well  established.  It  rarely 
attains  the  thickness  of  more  than  one  millimetre,  and  when  detached 
it  often  presents  a  perfect  cast  of  the  fornix. 

Severity.  Dijihlheritic  conjunctivitis  may  exist  without  the  intense 
thickening  of  the  lids  that  has  been  described,  but  a  pseudomembrane 
forms  and  is  persistent.  The  pseudomembrane  may  be  scarcely 
noticeable  and  the  affection  extremely  mild.  Some  cases  may  be 
termed  "  fulminating,"  so  rapid  is  the  onset,  so  intense  the  swelling, 
and  so  disastrous  the  result  to  the  cornea. 

Pathology.  The  development  of  the  micro-organism  in  the  conjunc- 
tiva appears  to  cause  destruction  of  the  superficial  epithelial  cells,  and 
so  to  affect  the  bloodvessels  that  a  portion  of  the  plasma  of  the  blood 
escapes  into  the  tissue  of  the  conjunctiva  and  litis,  there  coagulating, 
and  producing  the  tense,  firm  thickening.  The  plasma  of  the  blood 
also  escapes  onto  the  conjunctival  surface,  there  coagulating  and  form- 
ing the  pseudomembrane.  In  mild  cases  where  the  lid  does  not 
become  hard  coagulation  of  plastic  lymph  in  the  tissues  of  the  lids 
does  not  occur.  While  the  formation  of  pseudomembrane  is  not 
pathognomonic  of  diphtheria,  it  almost  always  occurs  in  diphtheria 
of  the  conjunctiva.  The  greater  number  of  cases  known  as  croupous 
conjunctivitis  are  in  reality  diphtheria;  they  bear  the  same  relation 
to  the  more  severe  forms  that  membranous  croup  does  to  diphtheria 
of  the  nose  and  pharynx. 

Diagnosis.  Wlien  diphtheria  of  the  conjunctiva  is  associated  with 
diphtheria  of  the  nose  or  pharynx,  the  diagnosis  is  easily  made.  How- 
ever, primary  diphtheria  of  the  conjunctiva  may  occur,  and  the  diag- 
nosis is  then  not  so  readily  made.  The  condition  may  be  confounded 
with  gonorrhoea  of  the  conjunctiva,  or  even  with  mucopurulent  con- 
junctivitis in  rare  cases.  Bacteriological  examination  will  serve  to 
establish  the  diagnosis. 
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Treatment.  As  soon  as  it  is  known  that  diphtheria  of  the  con- 
junctiva exists,  the  patient  should  be  given  a  liypodermic  injection 
of  1500  to  2000  units  of.  diphtheria  antitoxin,  making  the  injections 
either  in  the  loose  tissue  in  the  sides  of  the  abdomen  or  in  the  loose 
tissues  of  the  back.  If  the  pseudomembrane  does  not  begm  to  soften 
at  the  end  of  twenty-four  hours,  a  second  injection  of  1500  to  2500 
imits  of  the  antitoxin  may  be  given. 

If  the  circulation  of  the  lid  is  not  too  much  interfered  with  by  the 
swellmg,  cold  applications  should  be  made,  as  in  gonorrhoeal  conjunc- 
tivitis, and  as  soon  as  the  pseudomembrane  is  removed  nitrate  of 
silver  may  be  applied  once  daily  in  the  strength  of  0.5  to  1  per  cent. 
The  eye  should  be  cleansed  every  hour  with  a  saturated  solution  of 
boric  acid,  a  weak  solution  of  potassium  permanganate,  salicylic  acid, 
or  mercuric  chloride.  Peroxide  of  hydrogen  is  of  service  in  the  re- 
moval of  the  membrane,  if  for  any  reason  this  is  thought  advisable. 
It  does  no  good  to  remove  the  pseudomembrane  forcibly,  unless  for 
the  purpose  of  applying  remedies  directly  to  the  surface  of  the  con- 
junctiva (even  then  it  is  of  doubtful  expediency),  as  the  membrane 
reforms,  and  the  traumatism  occasioned  opens  up  new  avenues  for 
the  entrance  of  the  micro-organisms. 

If  sloughing  of  portions  of  the  conjunctiva  occur,  the  endeavor 
must  be  made  to  prevent  adhesions  between  opposing  surfaces. 

Complications.  Ulcer  of  the  cornea,  total  destruction  of  the  cor- 
nea, panophthalmitis,  and  sloughing  of  parts  of  the  conjunctiva  and 
lids  are  the  complications  met  with. 

Membranous  Conjunctivitis.  This  is  a  class  of  cases  in  which  at 
the  begimiing  the  lids  are  only  slightly  swollen  and  red;  there  are 
excessive  lacrymation  and  some  mucopumlent  secretion;  the  con- 
junctiva is  slightly  thickened.  On  everting  the  upper  lid,  a  pseudo- 
membrane is  found  which  extends  into  the  fornix.  It  is  usually  not 
very  thick.  It  may  be  removed  without  much  force,  and  on  removal 
discloses  a  mucous  membrane  that  bleeds  only  very  slightly,  but  is 
not  deeply  injected,  nor  does  it  exhibit  the  characteristics  of  active 
inflammation.  The  pseudomembrane  promptly  reforms  after  re- 
moval, and  may  continue  to  reform  indefinitely.  Although  commonly 
afi'ecting  both  eyes,  it  is  sometimes  confined  to  one  eye.  The  mdi- 
vidual  suffers  but  little  pain;  there  is  but  slight  photophobia.  In 
many  of  the  cases  recovery  occurs  in  from  three  to  five  weeks,  but  m 
some  cases  the  pseudomembrane  persists  for  as  many  months  m  spite 
of  treatment. 

Cause.  In  a  number  of  cases  the  Klebs-Loeffler  bacillus  is  found. 
These  cases  respond  readily  to  treatment.  In  a  few  cases  the  strep- 
tococcus is  found,  and  the  affection  is  associated  with  dacryocystitis. 
Occurring  as  an  accompaniment  of  measles,  scarlet  fever,  and  mfluenza 
(de  Schweinitz),  the  prognosis  is  not  only  unfavorable  as  to  vision,  but 
unfavorable  to  life.  Membranous  conjunctivitis  may  accompany 
impetigo  (Morax).  The  staphylococcus  and  the  pneumococcus  have 
also  been  fomid  in  the  secretion  in  these  cases. 
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Diagnosis.  When  pseudomembrane  occurs  in  the  conjunctiva  it  is 
not  always  possible^  to  _  determine  the  cause.  The  bacter ioL icl 
exanunation  will  suffice  in  a  number  of  cases,  and  the  history  ol"  the 
case  will  determine  others.  ^ 

Treatment.  Membranous  conjunctivitis  due  to  diseases  which  have 
'X  eT'^""-'  ^^^Pl^^^-'-i^  hcea,  mucopurulent  conjunc- 

tivitis, etc.,  also  accompanying  the  eruptive  fevers,  and  that  due  to 
burns  and  injury,  disappears  when  the  local  or  constitutional  disease 
"  "  ^^^^  -  injurTLs  pXl 

In  some  of  the  indeterminate  forms,  which  are  rare,  treatment 
seems  to  have  little  influence.  However,  cleansing  solutions,  such 
as  saturated  solution  of  bone  acid,  salicylic  acid  in  saturated  aqueous 

Tanaie'n'^'o'onm  '^'^T^^^''  ■  1.  i  15,000),  potassium  perman- 

ganate (1  .  2000)  and  hydrogen  peroxide,  may  be  employed  to  keep 
the  conjunctiva  free  from  secretion.  Cold  applications  in  the  moi4 
acute  stage  may  be  used  intermittently  with  benefit 

Neighboring  disease  processes,  as  dacryocystitis,  abscess  of  the  lids 
eczema  etc.  should  be  properly  treated,  and  the  general  system 
should  be  put  m  a  healthy  condition. 

Xerosis  epithelialis  (xerosis  triangularis;  xerosis  infantilis)  is 
characterized  by  a  lustreless,  grayish-white,  foamy,  greasy  deposit 
on  the  conjunctiva,  which  is  not  moistened  by  the  tears  and  is  very 
persistent.    The  disease  attacks  all  individuals  except  the  very  old 
Cause.    A  si,ocific  bacillus  in  this  disease  was  described  first  bv 
Colimatti,   and  carefully  studied  by  Leber^  three  years  later,  and 
termed  by  him  the  diplobacillus  of  xerosis.    The  bacillus  is  short 
and  often  appears  in  pairs  joined  end  to  end.    One  of  the  members 
IS  often  broader  at  one  end  than  the  other  (clubbed);  the  cheesy 
secretion  contains  multitudes  of  the  bacilli  almost  in  pure  culture 
Descnption  and  Symptoms.    A  receptive  condition  of  the  system 
appears  to  be  necessary  to  permit  the  development  of  the  disease 
When  infants  are  attacked,  it  is  always  the  marasmic  infant •  the 
robust  never  contract  the  disease.    Children  and  adults  always  give 
a  history  of  malnutrition,  most  often  because  of  scanty  food  with 
scarcity  of  fresh  vegetables  and  fresh  meats— those  who  are  con- 
hned  in  barracks,  prisons,  or  who  work  remote  from  a  base  of  plen- 
tiful food  supplies,  as  in  mines,  or  railroads,  or  on  plantations  In 
infants  the  lids  become  slightly  swollen,  and  a  thin  flaky  secretion 
escapes;  the  infant  is  but  little  disturbed  by  the  condition  present. 
On  everting  the  lids,  the  conjunctiva  in  the  fornices  is  more  or 
less  covered  by  the  characteristic  secretion.    The  secretion  may 
extend  over  the  whole  conjunctiva  and  cornea.    Both  eyes  are 
affected.    In  children  more  than  one  year  of  age  the  secretion  may 
show  itself  first  either  on  the  palpebral  or  ocular  conjunctiva;  in 
adults  almost  always  on  the  ocular  conjunctiva,  the  patch  occupy- 

'  Cong,  p^riodique  inter,  de  Ophth.  Annexes,  May  28, 1880. 
•  Graefe's  Arch.,  1883,  Band  xxix.,  iv.,  S.  225. 
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ing  the  conjunctiva  in  the  horizontal  meridian  on  both  sides  of 
the  cornea,  usually  triangular  in  shape,  the  base  .being  next  to  the 
margm  of  the  cornea.  The  sensation  to  the  adult  is  that  of  a  dry 
substance  on  the  conjunctiva.  One  patient  spoke  of  it  as  his  "dry 
patch."  Slight  irritation  of  the  conjunctiva  is  noticeable  about 
the  margin  of  the  patch.  In  children  and  in  adults  a  condition  of 
hemeralopia  obtains.  The  disease  is  not  a  local  one.  In  a  number 
of  autopsies  that  have  been  made,  the  bacillus  was  found  in  the 
parenchyma  of  the  liver,  spleen,  kidneys,  and  pancreas. 

Duration.  In  infants  this  disease  lasts  until  death.  In  adults  the 
secretion  persists  for  months,  and  in  many  cases  for  years.  _ 

Complications.  In  infants  the  cornea  is  deprived  of  nutrition  and 
sloughs.  All  infants  under  one  year  of  age  die.  In  children  and 
adults  the  cornea  may  become  involved,  the  patches  of  exudation 
gradually  advancing  from  the  margin  of  the  cornea,  or  appearing  in 
small  islets  slowly  encroaching  on  the  pupillary  area.  Years  may 
pass  before  the  pupillary  area  is  completely  covered.  Fortunately, 
in  the  greater  number  of  adults  and  children  the  cornea  does  not 
become  involved,  provided  suitable  treatment  is  instituted. 

Diagnosis.  The  condition  cannot  be  mistaken  for  anjrthing  else 
after  the  clinical  picture  is  recognized  by  the  surgeon. 

Pathology.  Aside  from  the  presence  of  the  bacilli,  the  superficial 
epithelial  layers  undergo  fatty  degeneration  and  death,  and  are  cast 
off.  The  oil  globules  in  the  cells  are  very  minute.  The  secretion 
consists  of  these  degenerated  epithelial  cells,  some  leucocytes,  and 
the  bacilli.  On  examining  the  conjunctival  tissue  little  change  is 
found,  except  a  slight  increase  in  size  of  the  bloodvessels,  some  small- 
cell  infiltration,  and  the  thickened  and  superficially  degenerated 
epithelial  layer. 

Treatment.  In  infants  it  is  of  no  avail.  In  adults  the  local  treat- 
ment consists  in  the  use  of  antiseptic  lotions  and  washes,  and  of 
ointments,  such  as  bichloride  vaseline  (1  :  5000),  the  use  of  powders 
—calomel,  iodoform,  aristol— the  powders  to  be  dusted  on  the  affected 
area  after  the  secretion  has  been  gently  wiped  off.  Unless  the  local 
treatment  is  supplemented  by  a  nutritious  and  varied  diet,  a  cure 
cannot  be  expected.  Suitable  tonic  remedies  should  supplement  the 
diet. 

Phlyctenular  conjunctivitis  (conjunctivitis  eczematosa)  is  char- 
acterized by  the  appearance  on  the  bulbar  conjunctiva  of  one  or 
more  small  nodular  elevations,  which  are  situated  at  the  apex  of 
a  triangular  leash  of  vessels,  the  base  of  the  leash  being  directed 
toward  the  fornix  conjunctivae. 

Cause.  The  writer  has  felt  justified  in  including  this  affection 
among  those  that  are  caused  by  a  specific  micro-organism,  because 
of  the  researches  of  others  as  well  as  of  himself.  If  an  unbroken 
phlyctenule  be  carefully  rendered  aseptic  externally  and  the  con- 
tents of  the  phlyctenule  conveyed  to  a  tube  of  nutrient  agar,  a 
culture  of  the  staphylococcus  will  invariably  be  obtained.  The  same 
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is  true  of  the  nodule  of  eczema.  Similar  nodules  may  be  produced 
by  introducing  the  staphylococci  beneath  the  epithelium  in  suitable 
subjects.  Pustular  blepharitis  marginalis  and  moist  eczema  are  fre- 
quently accompanied  by  phlyctenular  conjunctivitis  or  keratitis;  they 
are  undoubtedly  sources  of  infection.  Phlyctenular  conjunctivitis  is 
most  frequent  in  children  of  the  poorer  classes  who  have  inherited 
taints  or  are  tubercular,  or  who  suffer  from  malnutrition  accompanied 
by  lymphadenitis,  by  moist  eczema  on  some  part  of  the  body,  particu- 
larly on  the  head,  face,  and  ears;  eczematous  rhinitis,  etc.  (Fig.  135.) 


Fig.  135. 


Phlyctenular  conj  unctlvitis  in  a  s  i          .        ,        i  >  1 1  ymple.) 

Adults  are  not  exempt,  but  they  are  rarely  attacked.  Occasionally 
an  apparently  robust  individual  is  affected,  but  in  these  cases  blephar- 
itis marginalis  or  a  patch  of  moist  eczema  is  present  or  has  preceded 
the  attack  of  phlyctenula.  Acute  conjunctivitis,  the  exanthemata, 
and  debilitating  illness  of  any  kind  predisjDose  to  eczematous  con- 
junctivitis. 

Description  and  Course.  In  the  early  stages  small  translucent  nodules 
appear  at  the  limbus  conjunctivfe  or  on  the  bulbar  conjunctiva. 
(Fig.  136.)  The  bloodvessels  of  the  conjunctiva  radiating  from  the 
nodule  become  injected.  The  nodules  may  be  single  or  multiple. 
Soon  the  apex  of  the  nodule  softens  and  disappears,  and  the  con- 
tents of  the  vesicle  take  on  a  yellowish  appearance.    The  softening 
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progresses  until  the  nodule  has  reached  the  level  of  the  conjunctiva, 
when  the  ulcer  becomes  clean ;  epithelium  is  developed  on  its  surface, 
and  recovery  occurs  without  leaving  a  scar.  Recurrences  are  the 
rule.  The  process  from  the  first  stage,  the  stage  of  efflorescence 
(Fuchs),  to  complete  recovery  requires  eight  to  fourteen  days. 

When  but  one  or  two  nodules  are  present,  the  redness  of  the  con- 
junctiva is  but  partial,  and  is  confined  to  the  vicinity  of  the  nodule. 
There  is  but  slight  increase  in  lacrymation  and  little  irritation;  no 
photophobia.  When  many  nodules  exist,  the  redness  may  extend  to 
the  palpebral  conjunctiva,  the  lacrymation  apd  secretion  may  be 
much  increased,  and  some  photophobia  may  be  experienced. 


Diagnosis.  Phlyctenular  conjunctivitis  may  be  confounded  with 
herpes  of  the  conjunctiva,  pinguecula,  lymphangiectasis,  and  vernal 
catarrh,  but  the  history  of  the  case  will  serve  to  make  the  differential 
diagnosis. 

Pathology.  The  elevation  or  nodule  is  composed  of  an  accumu- 
lation of  small  cells  resting  on  the  basement  membrane  and  causing 
an  elevation  of  the  epithelium.  The  bloodvessels  at  the  base  of  the 
nodules  are  engorged  and  enlarged,  and  there  is  a  scant  small-cell 
infiltration  in  the  surrounc^ing  tissues. 

Treatment  should  be  local  and  constitutional. 

Local.  A  cleansing  aseptic  wash  should  be  used  to  bathe  the  eye 
three  or  four  times  daily.  An  ointment  of  the  yellow  oxide  of  mercury 
(1  per  cent.)  should  be  put  into  the  eye  twice  daily.  After  the  nodule 
has  been  converted  into  an  ulcer,  calomel  may  be  dusted  over  the 
affected  area  once  daily,  if  the  patient  is  not  taking  iodine. 


Fig.  136. 


Phlyctenular  conjunctivitis.  (Dalrymple.) 
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Internal.  Suitable  tonic  remedies  should  be  given.  Small  and 
frequently  repeated  doses  of  calomel  (gr.  to  three  times  daily) 
contmued  for  some  weeks,  if  no  disturbance  of  the  bowels  is  occa- 
sioned, are  of  much  value.  The  nasal  and  pharyngeal  cavities 
shoukl  be  properly  treated. 

Tuberculosis  of  the  conjunctiva  may  be  primary  or  secondary 
primary  when  it  originates  in  the  conjunctiva  itself,  which  is  not 
the  rule,  and  secondary  when  it  proceeds  from  a  tubercular  focus 
in  some  other  part  of  the  body. 

In  primanj  tuberculosis  of  the  conjunctiva,  which  is  the  more 
acute  form,  the  tubercle  bacilli  enter  the  conjunctival  tissue  through 
wounds  of  the  conjunctiva,  sometimes  due  to  operative  procedure 
According  to  Valude,  tubercle  bacilli  cannot  penetrate  the  intact 
epithelial  layer. 

Course  and  Sjrmptoms.  Within  a  week  or  ten  days  after  the  en- 
trance of  the  bacilli  the  conjunctiva  in  the  vicinity  of  the  place  of 
entrance  becomes  injected,  and  numerous  small  nodules,  miliary 
tubercles  resembling  trachoma  granules,  appear.  This  may  occur  on 
the  ocular  or  palpebral  conjunctiva.  The  lids  become  slightly 
swollen;  a  not  very  copious  mucopurulent  secretion  forms;  there 
are  irritation  and  photophobia.  The  nodules  rapidly  increase  in 
number,  and  may  coalesce  in  places.  Within  a  few  days  after 
the  onset  the  preauricular  and  inferior  maxillary  glands  on  the 
affected  side  become  swollen  and  may  go  on  to  suppuration.  The 
tubercular  process  may  extend  to  other  parts  of  the  body.  The 
disease  runs  a  very  protracted  course,  and  may  involve  the  cornea 
and  result  in  loss  of  vision.  Some  ri.se  of  temperature  accompanies 
the  early  stages  of  this  form  of  tubercular  infection. 

Diagnosis.  This  form  of  tuberculosis  may  be  mistaken  for  acute 
trachoma  and  for  Parinaud's  conjunctivitis.  Its  monocular  char- 
acter and  the  marked  involvement  of  the  lymphatics  on  the  affected 
side_  will  be  sufficient  to  exclude  trachoma.  Examination  of  a 
section  of  the  nodule  will  disclose  the  bacilli,  differentiating  it  from 
Paruaaud's  disease. 

Treatment.  Aside  from  early  excision  of  the  affected  tissue  little 
can  be  done.  Appropriate  constitutional  treatment  and  attention 
to  the  symptoms  as  they  arise  are  all  that  is  possible. 

The  secondary  form  of  tuberculosis  is  chronic  from  the  onset.  It  is 
the  disease  formerly  known  as  lupus  vulgaris,  and  is  most  frequently 
due  to  extension  from  the  nasal  mucous  membrane  by  way  of  the 
lacrymal  passages.  It  is  characterized  by  the  appearance  of  irregular 
shallow  ulcers  on  the  palpebral  or  ocular  conjunctiva  (more  frequently 
on  the  palpebral  conjunctiva),  with  raised  edges  and  grayish,  uneven 
floors,  often  presenting  granulation  tissue.  The  surrounding  conjmic- 
tiva  is  but  slightly  injected,  the  lids  are  slightly  thickened,  and  a 
small  amount  of  rather  thin,  flaky  mucopus  is  present;  there  is  little 
pain,  and  the  disturbance  to  the  patient,  except  from  the  presence  of 
the  mucus,  is  slight.    The  preauricular  glands  on  the  affected  side 
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•are  enlarged,  but  there  is  little  tendency  to  suppuration.  An  affected 
area  may  eventually  be  occupied  in  whole  or  in  part  by  cicatricial 
tissue.  In  old  cases  the  conjunctival  sacs  may  be  entirely  obliterated 
by  the  cicatricial  process,  the  cornea  may  become  involved,  and  vision 
be  lost.  Years  may  pass  with  but  little  change,  but  the  tendency  is 
to  slow  and  steady  progress. 

Diagnosis.  Tuberculosis  of  this  form  may  be  mistaken  for  epi- 
thelioma, or  chalazia  which  open  on  the  conjimctival  surface.  Study 
■of  a  section  of  the  tissue  with  the  microscope  will  suffice  to  make 
a  diagnosis. 

Pathology.  The  change  in  the  tissue  in  the  first  form  is  such  as 
is  found  in  miliary  tuberculosis.  In  the  second  form  the  margins  of 
the  ulcers  are  made  up  of  a  small-cell  infiltration  of  the  conjunctival 
tissue,  with  increase  in  vascularity.  In  the  tissue  of  the  wall  of  the 
ulcer  the  tubercle  bacillus  is  found. 

Treatment.  Excision  of  the  diseased  parts,  thorough  scraping  of 
the  base,  and  frequent  inspersion  of  iodoform  will  produce  good 
results.  The  ulcerated  areas  may  also  be  destroyed  by  means  of 
the  cautery. 

Leprosy  of  the  conjunctiva  may  occur  as  a  primary  infection,  but 
it  is  secondary  to  leprosy  in  other  parts  of  the  body  in  by  far  the 
greater  number  of  cases.  Morrow^  cites  a  case  m  which  a  leprous 
tubercle  appeared  on  the  eye  and  was  mistaken  for  sarcoma.  Cu- 
taneous tubercles  followed.  A  sclerosed,  ansesthetic  condition  of  the 
conjunctiva  follows  the  appearance  of  leprous  nodules  on  the  con- 
junctiva. This  process  may  invade  the  cornea.  Irregular  pterygia 
are  sometimes  produced.  An  infiltration  of  the  cornea  unattended 
by  pain  is  observed  in  the  later  stages  of  this  affection.  A  mild 
persistent  irritation  of  the  conjunctiva,  with  slight  redness  and 
increased  lacrymation,  has  been  observed  by  the  writer  in  cases  of 
leprosy.  Fuchs  mentions  iritis  and  cyclitis  as  accompanying  leprosy 
of  the  ocular  conjunctiva  and  cornea. 

Syphilis  of  the  conjunctiva  manifests  itself  in  a  number  of  forms 
corresponding  with  the  stage  of  the  disease.  Chancre,  papillary 
syphilide,  copper-colored  spots,  mucous  patches,  gummata,  nodular 
syphilides,  and  syphilitic  ulcer  may  appear  in  the  conjunctiva. 

Chancre  appears  most  frequently  on  the  tarsal  conjunctiva,  extend- 
ing to  the  margin  of  the  lid,  but  may  occur  on  the  retrotarsal  folds  or 
ocular  conjunctiva.  It  possesses  an  indurated  base  much  resembling 
a  piece  of  parchment.  Considerable  irritation  is  produced  by  the 
chancre  and  a  rather  profuse  mucopurulent  secretion  accompanies, 
it.  The  elevated  mass  sometimes  disappears  without  ulceration ;  but 
usually  the  apex  of  the  chancre  softens  and  disappears,  and  a  shallow 
ulcer  with  indurated  sides  and  base  is  present.  The  papillary  syph- 
ilide is  not  common.  It  accompanies  papillary  syphilides  on  the 
face  and  lids.    Copper-colored  spots  are  not  of  common  occurrence, 


1  System  of  Diseases  of  the  Skin,  Dermatology,  vol.  111.  p.  587. 
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but  have  been  observed  to  accompany  the  same  conditions  on  the 
skin.  Mucous  patches  occur  in  the  second  and  early  tertiary  stage. 
They  are  seen  most  commonly  at  the  margin  of  the  lid,  extending 
onto  the  tarsal  conjunctiva,  but  may  occur  at  any  part  of  the  mem- 
brane. They  are  slightly  elevated,  with  an  even,  grayish,  fur- 
furaceous  surface.  Gummata  affect  the  conjunctiva  of  the  lids,  or 
the  bulbar  conjunctiva  near  the  limbus.  They  appear  as  reddish 
nodules,  having  a  purple  hue  in  some  cases,  and  in  some  a  light- 
colored  apex.  The  base  of  the  gumma  is  mjected.  The  gunmia 
develops  rapidly  and  involves  the  underlymg  structure.  If  not  prop- 
erly treated,  it  eventually  breaks  down,  producing  a  deep  ulcer,  the 
healing  of  which  is  long  delayed.  It  leaves  a  deep  cicatrix.  Multiple 
gummata  are  seldom  seen.  Gumma  may  be  mistaken  for  sarcoma 
Nodular  syphilides  are  less  destructive  and  pursue  a  much  less 
violent  course  than  the  gummata.  They  appear  as  deep-red  nodular 
masses  with  little  tendency  to  break  down.  They  may  eventually 
disappear  without  leaving  a  trace.  They  may  be  multiple.  Syph- 
ilitic ulcer  is  probably  in  all  cases  the  result  of  the  breaking  down 
of  a  gumma  or  a  tubercular  syphilide. 

Prognosis.  If  recognized  early,  the  prognosis,  with  suitable  treat- 
ment, is  favorable  in  all  cases. 

Treatment.  Systemic  treatment  must  be  active,  sufficient,  and 
long  continued.  Locally  the  eye  should  be  cleansed  fre(iuently  with 
a  solution  of  mercuric  chloride  (1  :  10,000).  An  ointment  of  mer- 
curic chloride  (1  :  5000  in  vaseline)  may  be  placed  in  the  eye  after 
eacli  cleansing,  or  at  least  three  times  a  day. 

Amyloid  disease  of  the  conjunctiva  is  a  very  rare  affection.  It  is 
characterized  by  the  appearance  of  waxy,  translucent,  polypoid 
masses  which  commonly  spring  from  the  lower  fornix,  but  may 
involve  the  entire  conjunctiva,  converting  it  into  large  folds  which 
overlap  the  cornea  and  greatly  obstruct  vision.  The  tissue  is  almost 
devoid  of  bloodvessels  and  is  very  friable.  Adults  only  are  attacked. 
The  disease  is  apparently  a  purely  local  one. 

Pathology.  The  masses  are  found  to  be  made  up  largely  of  l.ym- 
phoid  cells,  which  in  parts  near  the  surface  undergo  a  change,  con- 
verting them  into  a  homogeneous  mass,  which,  in  the  greater  number 
of  cases,  give  the  starch  reaction  to  the  iodine  test. 

Treatment.  Excision  of  the  masses  is  necessary.  Recurrences  are 
the  rule.  If  the  .bases  are  treated  by  superficial  cauterization,  return 
is  less  liable  to  take  place. 

Chronic  Conjunctivitis  (Chronic  Ophthalmia).  A  thickened, 
injected  condition  of  the  conjunctiva  sometimes  follows  an  acute  con- 
junctivitis; accompanies  blepharitis  marginalis  in  old  people  par- 
ticularly; depends  on  partial  or  complete  closure  of  the  canalicuhT 
or  eversion  of  the  puncta,  and  trophic  or  hyjoertrophic  rhinitis. 
Errors  of  refraction  and  muscle  anomalies  serve  to  perpetuate  tlie 
condition.  In  old  people  a  flabby,  slightly  congested,  swollen  con- 
dition of  the  conjunctiva  exists,  associated  with  enlargement  of  the 
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caruncle.  These  cases  are  almost  always  accompanied  by  slight 
mucopurulent  discharge.  _       ,i   ,    +     i  • 

Treatment  consists  in  correcting  all  conditions  that  stand  m  a 
causative  relation  to  the  conjunctivitis.  The  nasal  and  lacrymal 
passages  should  receive  careful  attention.  The  conjunctiva  itselt 
should  be  brushed  with  a  solution  of  nitrate  of  silver  (1  to  2  per 
cent.)  if  secretion  is  .present,  and  it  should  be  kept  free  from  secre- 
tion by  bathing  with  a  simple  cleansing  solution. 

Egyptian  Ophthalmia.  This  term  has  been  used  indiscriminately 
to  describe  all  forms  of  ophthalmia  that  affect  large  numbers  of 
individuals,  especially  the  forms  that  appear  epidemically.  The 
term  has  been  made  to  include  acute  contagious  conjunctivitis,  gonor- 
rhoeal  conjunctivitis,  and  trachoma.  The  last-named  disease  has  been 
most  generally  indicated  when  the  term  was  employed. 

Atrophy  of  the  Conjunctiva  (Xerophthahnia) .  This  condition, 
not  accompanied  by  the  presence  of  the  xerous  bacillus,  occurs  m  a 

number  of  forms :  r  i,  • 

(a)  Cicatricial,  as  from  trachoma;  extensive  burns  of  the  conjunc- 
tiva, as  from  lime  or  from  liquid  ammonia.  In  cicatricial  xerosis  the 
duct's  of  the  lacrymal  glands  are  obliterated  and  the  gland  itself 
atrophies.  In  addition,  the  character  of  the  conjunctiva  is  entirely 
changed,  so  that  no  mucus  or  other  lubricating  fluid  is  secreted  from 
it.    The  cornea  becomes  opaque,  and  vision  is  reduced  to  perception 

of  light.  .       .  . 

(h)  Xerosis  from  constant  exposure  to  the  air,  as  m  ectropium  and 
in  lagophthalmos.  In  cases  of  this  kind  the  exposed _  conjunctiva 
and  cornea  take  on  a  cutaneous  appearance ;  the  epithelium  becomes 
thickened,  corneous,  and  dry,  a  provision  on  the  part  of  nature  to 
protect  the  deeper  layers  from  desiccation.  In  this  form  the  remedy 
lies  in  the  operative  procedure  necessary  for  the  restoration  of  a 
proper  protection  to  the  exposed  parts. 

Toxic  Conjunctivitis.  This  term  is  applied  to  the  forms  of  con- 
junctival irritations  that  are  caused  by  the  chemical  action  of  certain 
substances.  Of  these,  may  be  mentioned  the  mydriatics,  the  myotics, 
chrysarobin,  calomel,  the  dust  from  aniline  dies,  bites  of  insects,  cater- 
pillar hairs,  fumes  from  formalin,  menthol  etc.,  intense  light,  as  from 
the  electric  arc  light,  the  reflection  of  sunlight  from  the  snow. 

Atropine  produces  two  forms  of  disturbance : 

(a)  After  long  use  of  a  non-sterile  solution  the  conjunctiva  becomes 
hyperamic  and  follicles  develop  in  the  fornix  and  tarsal  conjunctiva-. 
There  is  a  scanty  mucopurulent  discharge.  The  picture  is  one  of 
mild  trachoma  in  the  early  stage.  The  cause  of  this  form  of  con- 
junctivitis is  probably  bacterial  infection,  the  bacteria  being  carried 
into  the  conjunctival  sac  with  the  solution. 

(h)  Six  to  twelve  hours  after  the  instillation  of  a  few  drops  of  a 
solution  of  atropine  into  the  eye  the  lids  become  swollen  and  brawny 
and  the  conjunctiva  injected.  There  are  excessive  lacrymation,  a  sen- 
sation of  heat,  and  niuch  irritation.    Hyoscyamine,  duboisme,  and 
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homatropine  sometimes  produce  this  disturbance  also,  but  in  less- 
degi-ee.    The  effect  is  believed  to  be  due  to  idiosyncrasy 

Ihe  treatment  of  the  first  form  consists  in  discontinuing  the  atro- 
pme,  or  usmg  sterile  solutions,  cleansing  the  eye  freciuentlv  with  « 
saturated  solution  of  boric  acid,  and  Jn^  .^ille 
the  second  form,  in  discontinuing  the  use  of  the  atropine  " 
Erne  solutions  sometimes  cause  irritation  o£  the  conjunctiva 
Chrymrohm,  used  in   the  form  of  an  ointment  on  the  skin  in 
psoriasis  may  produce  intense  irritation  of  the  conjunctiva.  Calomel 
it  dusted  on  the  conjunctiva  when  the  patient  is  taking  an  iodide' 
results  m  local  ulceration  and  marked  irritation  of  the  conjunctiva  " 
Cocaine  when  applied  to  the  conjunctiva  produces  at  ftrst  a  contrac- 
tion of  the  bloodvessels,  but  as  its  effect  wears  away  there  is  an  en- 
gorgement of  the  vessels  which  stimulates  and  irritates  the  coniunc- 
tiva,  producing  a  mild  form  of  conjunctivitis. 

The  bites  of  insects  commonly  occur  on  the  lids,  and  the  affection 
of  .the  conjunctiva,  which  sometimes  becomes  greatly  cedematous 
is  due  to  extension  of  the  irritation.  ' 

Treatment.  All  of  these  forms  of  conjunctival  irritation  subside 
in  a  tew  days  if  the  cause  is  removed  and  simple  cleanliness  observed 
OphlJiahnia  Nodosa  This  condition  is  due  to  the  presence  of  cater- 
pillar hairs  on  the  conjunctiva.  The  affection  mav  extend  to  the 
cornea,  and  even  to  the  iris.  The  nodules  are  yellowish,  semitrans- 
lucent  and  have  been  compared  to  tubercles.  On  excising  the 
nodu  es  and  exanuning  them  under  the  microscope,  Pagenstacher 
found  the  hairs  of  caterpillars. 

Abscess  of  the  conjunctiva  is  of  rare  occurrence.  It  forms  in  the- 
subcoiijvmctival  tissue  and  is  almost  always  traumatic 

Treatment  should  be  that  as  of  abscesses  in  other  parts  of  the  body 
Ecchymosis  of  the  conjunctiva  is  due  to  the  escape  of  blood 
beneath  the  conjunctiva  from  whatever  cause.    It  produces  bright- 
or  dark-red  patches,  and  may  affect  all  but  the  tarsal  conjunctiva 

Treatment.    The  blood  becomes  absorbed  slowly.    Bathing  with 
hot  solutions  hastens  absorption. 

Chemosis.  This  is  a  condition  characterized  by  swelling  and 
thickening  of  the  ocular  conjunctiva;  the  swelling  at  the  corneal 
margin  forming  a  raised  wall,  producing  a  shallow  circular  pit  of 
which  the  cornea  forms  the  floor.  ' 

Pathology.  Chemosis  is  more  than  simple  oedema  in  many  cases. 
Particularly  is  this  so  when  the  chemosis  is  the  result  of  a  slow  inflam- 
mation _  of  _  the  cornea,  iris,  ciliary  body,  and  choroid.  Sections  of 
chemotic  tissue  in  acute  cases  show  little  but  a  distention  of  the  con- 
junctival tissue  by  serous  or  seroplastic  infiltration ;  but  in  the  sub- 
acute or  chronic  forms  there  are  a  dense  infiltration  of  small  cells  and 
an  increase  in  connective-tissue  elements  and  in  the  size  and  number 
of  the  bloodvessels. 

Emphysema  of  the  conjunctiva  is  characterized  by  pufiiness  of 
the  conjunctiva,  with  little  injection,  and  usually  with  the  appearance 
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of  small  circular  pale  points  just  beneath  the  conjunctiva,  which  indi- 
cate the  presence  of  air  in  the  tissue.  On  pressing  the  conjunctiva, 
there  is  a  faint  crepitation,  and  the  circular  points  change  their  posi- 
tion. The  condition  is  due  to  the  entrance  of  air  into  the  subcon- 
junctival tissue  as  a  result  of  traumatism,  the  mjury  that  most  fre- 
quently produces  it  being  fracture  of  the  lacrymal  bone.  On  blow- 
ing the  nose  violently,  air  sometimes  finds  its  way  into  the  orbital 
and  subconjunctival  tissues,  causing  them  to  puff  up. 

Treatment.  The  air  in  the  tissues  disappears  by  absorption  in 
a  few  days. 

Injuries  to  the  Conjunctiva.  It  frequently  happens  that  foreign 
bodies  enter  the  conjunctival  sacs.  These  impinge  first  upon  the 
globe,  and  are  then  brushed  downward  by  the  upper  lid.  They  may 
remain  in  the  lower  conjunctival  pouch,  but  often  are  caught  on 
the  tarsal  conjunctiva  of  the  upper  lid,  from  which  they  may  be  re- 
moved on  everting  the  lid.  When  lodged  on  the  conjunctiva  of  the 
upper  lid,  they  are  found  most  commonly  in  the  shallow  groove  which 
lies  immediately  above  the  inner  angle  of  the  margin  of  the  lid  (sulcus 
marginalis  or  sulcus  tarsalis).  Rarely  the  foreign  body  lodges  in  the 
retrotarsal  fold.  Slight  pressure  backward  on  the  globe  after  the  lid 
is  everted  will  serve  to  expose  this  fold,  when  the  foreign  body  may  be 
removed.  Bits  of  steel  are  sometimes  imbedded  in  the  conjunctiva; 
they  may  be  removed  by  the  ordinary  surgical  procedures.  Grains 
of  powder  that  are  deeply  imbedded  need  not  be  disturbed,  as  they 
produce  no  irritation  after  the  wound  made  by  their  entrance  has 
healed. 

Wounds.  These  may  be  associated  with  extensive  injuries  to  orbit 
and  hds,  or  may  be  simple  lacerations.  Under  favorable  circum- 
stances they  may  be  cleansed  and  the  margins  of  the  wounds  ap- 
proximated by  sutures. 

Burns  are  occasioned  by  the  entrance  of  flame,  glowing  wood  or 
metal,  powder,  ashes,  steam,  hot  water,  molten  metal,  acids,  alkahes, 
nitrate  of  silver,  and  other  substances. 

Treatment.  When  the  burn  is  occasioned  by  thermal  agencies  alone, 
the  treatment  should  be  by  means  of  bland  oils  or  vaseline,  to  be 
placed  in  the  conjunctival  sac  every  two  or  three  hours.  If  molten 
metal  has  entered  the  eye,  all  of  the  particles  should  be  removed  as 
early  as  possible,  and  treatment  instituted  as  above  outlined. 

Burrs  from  acids,  if  recent,  should  be  treated  by  means  of  a  weak 
alkaline  solution  (bicarbonate  of  sodium,  sodium  hydroxide,  or  very 
dilute  ammonia) ;  subsequently  the  conjunctiva  may  be  well  washed 
with  water,  and  the  oils  then  employed. 

Burns  from  lime  and  ammonia  should  be  treated  by  first  removing 
all  particles  of  Hme  or  mortar  by  means  of  forceps  or  cotton  pledgets, 
then  by  washing  thoroughly  with  oil,  and  subsequently  dropping  in 
simple  syrup  made  from  cane  sugar,  as  this  forms  an  insoluble  com- 
bination with  lime.  Oil  or  vaseline,  medicated  with  boric  acid 
(5  per  cent.),  may  then  be  used  until  healing  takes  place. 
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Burns  from  lime  and  ammonia  produce  a  pale  condition  of  the 
conjunctiva,  and  usually  a  white  eschar  where  the  caustic  has  come 
in  direct  contact  with  the  tissue,  or  where  the  effect  has  been  con- 
centrated the  cornea  may  be  slightly  hazy.  The  prognosis  is  usually 
worse  than  is  at  first  supposed. 

The  result  to  be  feared  in  burns  of  the  conjunctiva  is  symblepharon. 
To  prevent  this,  the  surfaces  should  be  separated  daily  by  means  of  a 
probe,  and  oil  interposed.  If  the  burn  is  extensive,  a  pledget  of 
gauze  or  pad  of  cotton  dipped  in  oil  may  be  kept  between  the 
opposing  burned  surfaces. 

Argyria  (Argyrosis)  Conjunctivae.  Long-continued  use  of  nitrate 
of  silver  on  the  conjunctiva  produces  a  discoloration  of  the  mucous 
mernbrane,  due  to  the  deposition  of  the  carbonate  or  albuminate 
of  silver  in  the  tissue  of  the  conjunctiva  (elastic  fibres,  Fuchs). 
The  stain  varies  m  color  from  a  light  ochre  to  a  very  dark  brown. 
It  is  indelible.  A  solution  of  hyposulphite  of  sodium  or  of  potas- 
sium iodide  in  the  strength  of  1 : 10  in  water  has  been  suggested  for 
its  removal. 

Pinguecula.  In  many  individuals  who  have  been  exposed  to 
dust  or  high  winds  there  appears  in  the  ocular  conjunctiva,  on 
the  nasal  side  of  the  cornea,  later  on  the  temporal  side,  both 
in  the  horizontal  meridian,  a  yellowish  elevation  measuring  two 

or  three  millimetres  in  diameter. 
This  tumor  is  at  first  movable  on 
the  sclera.  It  consists  in  a  thicken- 
ing of  the  conjunctiva,  particularly 
in  an  increase  of  the  elastic  fibres, 
and  the  deposition  of  numerous 
minute  hyaline  particles.  The  yel- 
low elastic  tissue  and  the  hyaline 
bodies  give  it  the  yellow  color.  If 
the  tumor  causes  annoyance  by  its 
appearance  or  by  becoming  in- 
flamed, it  may  be  removed  by  ex- 
cision. 

Pterygium.  Pterygia  may  be 
classed  as  regular  and  irregular. 
The  regular  form  of  pterj^gium  con- 
sists in  a  triangular  fold  of  mucous 
membrane  occurring  on  the  ocular 
conjunctiva  in  the  horizontal  me- 
ridian, its  base  being  at  the  canthus, 
its  apex  at  the  margin  of  or  on  the 
cornea.  (Fig.  137.)  The  blood- 
vessels enter  at  the  base,  diminish  in  size,  and  converge  at  the  apex. 
Pterygiimi  occurs  m  individuals  of  middle  and  advanced  life,  most 
frequently  developing  on  the  nasal  side  of  the  cornea;  it  may  also 
appear  on  the  temporal  side.    Pterygia  may  be  either  progressive  or 


Fig.  137. 


Pterygium.  A  sound,  S,  is  carried  beneath 
the  edge  of  the  pterygium,  P.  The  dotted 
line  shows  the  way  in  which  tlie  section  is 
made  in  removing  the  pterygium.  C.  Car- 
uncle. The  adjacent  plica  semilunaris  has 
been  flattened  out  by  the  tensive  force  of  the 
pterygium,  and  is  hence  invisible.  P.  Upper 
punctum  lacrymale.  (FncHS.) 
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stationary.  In  progressive  pterygium  the  fold  of  mucous  membrane 
has  a  fleshy  appearance  and  its  vessels  are  pronounced.  The  apex  of 
the  growth  is  preceded  by  a  grayish  zone,  one  to  one  and  one-half 
millimetres  wide,  which  is  very  slightly  raised  at  the  margin  of  the 
apex  of  the  growth.  In  non-progressive  pterygium  the  growth  is  pale 
and  flat,  and  the  grayish  zone  is  narrow,  and  is  flat  or  slightly  slirunken, 
appearing  like  a  cicatrix. 

Pterygium  may  advance  until  it  passes  the  pupil;  it  may  stop  at 
any  point  on  the  cornea  short  of  this. 

Irregular  or  pseudopterygium  is  the  result  of  burns  or  ulcers  of 
the  cornea.  They  have  the  same  general  shape  as  the  regular  pterygia, 
but  the  apex  is  often  very  irregular  in  contour,  taking  on  the  shape 
of  the  margin  of  the  ulcer  farthest  removed  from  the  limbus  of  the 
conjmictiva.  The  conjunctiva  at  the  margin  of  the  cornea  corre- 
sponding to  the  ulcer  becomes  swollen,  and  a  fold  of  chemotic  con- 
jmictiva becomes  agglutinated  to  the  floor  of  the  ulcer.  As  the  ulcer 
closes  and  cicatricial  tissue  forms,  the  mucous  membrane  is  drawn 
onto  the  cornea,  at  the  same  time  becoming  hypertrophied.  The 
pterygium  never  progresses  beyond  the  cicatricial  floor  of  the  ulcer. 

Regular  pterygia  are  undoubtedly  due  to  irritation  of  the  con- 
junctiva m  its  most  exposed  part,  corresponding  with  the  palpe- 
bral fissure,  by  particles  of  dust  and  various  minute  bodies  that 
impinge  on  the  ocular  conjunctiva.  This  irritation  results  first  in 
the  formation  of  pinguecula ;  extending,  it  produces  the  pterygium. 

Pterygium  is  prone  to  become  inflamed  because  of  the  lodgement 
of  noxious  germs  or  irritating  particles  in  the  folds  of  the  mucous 
membrane.  These  inflammations  may  lead  to  ulcer  of  the  conjunc- 
tiva, ulcer  of  the  cornea,  and  serious  damage  to  vision. 

Diagnosis.    Pterygium  cannot  well  be-  mistaken  for  anything  else. 

Treatment.  The  cautery  may  be  used  to  destroy  the  head  of  the 
growth,  or  to  cut  off  its  nutrition  by  making  one  or  two  deep  grooves 
across  the  neck  of  the  pterygium. 

The  operative  procedures  resorted  to  most  frequently  are  excision, 
transplantation,  and  strangulation. 

Excision.  The  neck  of  the  pterygium  is  grasped  by  the  fixation 
forceps  and  pierced  close  to  the  limbus  by  a  sharp  cataract  loiife, 
the  knife  passing  just  below  the  tissue  of  the  pterygium  and  parallel 
with  its  surface,  the  edge  of  the  knife  being  directed  toward  the  cor- 
nea. By  a  to-and-fro  motion  the  knife  is  made  to  pass  beneath  the 
head  of  the  pterygium,  dissecting  it  from  the  cornea.  Instead  of  this 
procedure,  a  thin  strabismus  hook  may  be  passed  through  the  in- 
cision made  beneath  the  neck  of  the  pterygium  (Prince's  method), 
and  the  head  of  the  pterygium  torn  from  the  cornea.  The  body 
of  the  pterygium  is  now  dissected  from  the  underlying  tissues  for 
a  distance  of  three  to  six  millimetres,  and  a  diamond-shaped  piece 
excised,  the  inner  apex  lying  at  the  caruncle.  The  conjunctiva  is 
now  loosened  fi-om  the  underlying  tissues  above  and  below,  and  the 
edges  brought  together  by  sutures,  covering  the  defect  as  far  as  the 
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margin  of  the  cornea.  The  corneal  defect  becomes  covered  with 
epithelium  in  a  few  days  and  healing  progresses  satisfactorily,  leaving 
some  opacity. 

Transplantation  (Knapp).  Instead  of  excising  the  pterygium 
after  having  dissected  the  growth  toward  the  caruncle,  the  corneal 
tissue  may  be  removed  from  its  head  and  a  suture  passed  through 
the  apex  of  the  pterygium.  A  straight  incision  may  now  be  made 
in  the  lower  bulbar  conjunctiva,  extending  from  the  margin  of  the 
wound  about  four  millimetres  from  the  cornea,  downward,  and  slightly 
outward,  toward  the  fornix,  sufficiently  long  to  accommodate  the 
free  part  of  the  pterygium.  The  suture  through  the  apex  of  the 
pterygium  is  now  passed  through  the  conjunctiva  at  the  apex  of  the 
last  incision,  and  the  head  of  the  pterygium  drawn  into  the  space 
and  there  fixed.  This  directs  the  tissue  of  the  pterygium  into  the 
lower  fornix.  All  defects  other  than  the  corneal  are  now  covered 
by  suturing  the  edges  of  the  conjunctiva.  Instead  of  transplanting 
all  of  the  pterygium  below,  the  body  of  the  pterj^giuni  may  be  split 
— one-half  may  be  transplanted  below,  one-half  above. 

Strangulation.  The  neck  of  the  pterygium  is  grasped  by  the 
fixation  forceps  and  slightly  raised.  A  suture  with  a  needle  near 
both  ends  is  employed,  one  needle  passing  upward  beneath  the  neck 
of  the  pterygium  at  the  corneal  margin,  the  other  needle  passing 
upward  beneath  the  neck  of  the  pterygium  three  millimetres  from 
the  corneal  mai'gin.  The  ends  of  the  suture  are  not  drawn  through, 
but  the  loop  holding  each  needle  is  cut,  liberating  the  needles  and 
forming  throe  sutures.  The  suture  at  the  corneal  margin  is  tied 
tightly  over  the  neck  of  the  pterygium,  as  is  also  the  suture  nearest 
to  the  caruncle.  The  middle  suture  encircles  the  base  of  that  por- 
tion of  the  pterygium  lying  between  the  two  end  sutures.  The 
middle  suture  is  now  tied,  producing  strangulation  of  a  section  of 
the  pterygium.  The  sutures  are  }Dermitted  to  remain  until  they 
come  away  spontaneously.  Deprived  of  nutrition,  the  head  of  the 
pterj'gium  atrophies  and  disappears,  leaving  only  an  opacity. 

Recurrences.  These  are  not  infrequent  after  removal  by  excision, 
but  are  very  infrequent  after  transplantation  and  strangulation. 

Ljonphangiectasis  consists  in  dilatation  of  some  of  the  lymph 
channels  of  the  ocular  conjunctiva.  It  appears  as  slightly  elevated, 
transparent  vesicles,  usually  associated  in  chains,  very  superficially 
situated  in  the  outer  or  inner  half  of  the  bulbar  conjunctiva.  The 
vesicles  are  irregular  in  shape  and  vary  in  size,  seldom  exceeding  a 
diameter  of  three  millimetres.  The  vesicles  may  be  readily  moved 
over  the  underlying  tissue.  They  produce  no  irritation  and  are  not 
a  source  of  pain.  The  vesicles  are  due  to  interference  with  the  lymph 
stream  by  obstruction.  Elderly  individuals  are  more  frequently 
affected. 

Treatment.  The  vesicles  may  be  excised,  or  they  may  be  very 
satisfactorily  destroyed  by  means  of  the  fine  galvanocautery  point. 
Removal  is  necessary  only  for  cosmetjc  purposes. 
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Vascular  growths  in  the  conjunctiva  are  seldom  primary,  but  are 
commonly  extensions  from  the  tissues  of  the  lids.  They  appear  as 
arterial  growths,  when  they  are  of  a  bright-red  color,  slightly  ele- 
vated; as  venous  growths  (cavernous  angioma),  located  deep  in  the 
conjunctiva,  dark  purple  in  color;  or  as  telangiectatic  growths — 
bright-red  patches  in  the  conjmictiva.  All  these  conditions  may  be 
present  in  the  same  growth.  Vascular  growths  are  congenital.  They 
tend  to  increase  in  size.  Early  removal  is  advisable.  (See  Removal 
of  Vascular  Tissues  of  the  Lids.) 

Polypi.  The  occurrence  of  polypi  on  the  conjunctiva  is  probably 
always  associated  with  ulcerative  processes  of  a  more  or  less  chronic 
nature  in  the  conjunctiva.  Wounds  of  the  conjunctiva  that  do  not 
properly  close,  syphilitic  or  tubercular  ulcers,  sinuses  from  chalazia 
opening  onto  the  conjunctival  surface,  sinuses  from  areas  of  orbital 
necrosis,  all  give  rise  to  the  development  of  polypi.  The  irritation 
from  wearing  an  artificial  eye  may  result  in  the  development  of 
polypi. 

Pathology.  PoljqDi  of  the  conjunctiva  are  composed  of  myxomatous 
tissue  with  more  or  less  small-cell  infiltration,  according  to  the  degree 
of  irritation. 

Treatment.  Removal  and  correction  of  the  conditions  favoring 
their  formation. 

Benign  Tumors.  Those  that  develop  primarily  in  the  conjunc- 
tiva are  adenoma,  fibroma,  granuloma,  lipoma,  myxoma,  osteoma, 
papilloma,  simple  cystic  tumors,  and  those  due  to  cysticerci  and 
echinococci. 

Adenoma  occurs  rarely  as  an  extension  from  the  tarsus  or  as  a 
development  from  lacrymal  glandular  tissue,  or  from  the  caruncle. 

Fibromata  are  usually  the  result  of  chronic  conjunctivitis,  par- 
ticularly of  vernal  catarrh. 

Granuloma  develops  from  the  base  of  an  ulcer  and  from  wounds. 

Lipoma  occurs  in  the  fornix  in  the  shape  of  a  soft  yellowish  mass.. 

Myxoma.    The  most  common  form  is  polypus. 

Osteoma  is  of  extremely  rare  occurrence.  (See  Congenital  Con- 
ditions.) 

Papilloma.  Tumors  of  this  nature  exist  as  small  multiple  papillse, 
forming  soft,  pale-pink,  villous  masses.  They  may  develop  from 
any  part  of  the  ocular  or  palpebral  conjunctiva,  but  are  seen  most 
commonly  on  or  near  the  caruncle.  Papilloma  is  not  infrequently 
mistaken  for  granulation  tissue.  To  avoid  recurrence,  removal  should 
be  thorough. 

Simple  cystic  tumors  appear  in  the  palpebral  conjunctiva  after 
chronic  conjunctivitis,  after  plastic  operations  on  the  conjunctiva, 
and  after  operations  on  the  ocular  muscles.  They  usually  form  as 
a  result  of  the  invagination  of  epithelium.    The  treatment  is  excision. 

Cysts  due  to  entozoa  are  very  rare.  Cysticercus  cysts  are  large. 
If  the  walls  are  thin,  the  head  is  visible  as  a  white  spot  at  some  part 
of  the  cyst.    They  are  easily  removed  by  splitting  the  conjunctiva 
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over  the  cyst  and  turning  the  (-.yst  witli  its  thin  capsule  of  connective 
tissue  out  of  the  wound. 

Echinococcus  cysts  are  large.  They  develop  slowly,  and  may 
extend  into  the  orbit  and  produce  marked  exophthalmos.  Daughter 
cysts  and  hooklets  may  be  found  as  part  of  the  contents  of  the  cyst. 

Malignant  Tumors.  Epithelioma  and  sarcoma  are  the  most 
common.  Russell  describes  a  rare  growth  known  as  cylindroma. 
It  is  probably  a  form  of  sarcoma. 

Epithelioma  af!'ecting  the  conjunctiva  is  much  more  frequently 
secondary;  that  is,  an  extension  of  a  growth  originating  in  the  lids. 
"When  it  is  primary  it  springs  from  the  limbus  and  extends  onto 
the  cornea.  It  is  of  slow  growth,  appearing  as  a  slightly  raised 
patch  with  a  roughened  grayish  surface. 

Sarcoma,  primary  in  the  conjunctiva,  is  almost  always  pigmented. 
It  occurs  where  pigment  is  often  normally  present,  as  at  the  limbus, 
where  it  is  more  frequently  met  with,  and  in  the  conjunctiva  of  the 
lids.  It  has  been  observed  at  the  caruncle.  Sarcoma  of  the  con- 
junctiva may  remain  quiescent  for  years,  suddenly  taking  on  activity 
and  terminating  fatally  in  a  short  time.  Metastasis  to  the  pre- 
auricular and  cervical  glands  and  to  remote  parts  of  the  body  may 
occur. 

Treatment.  Complete  excision  is  the  only  treatment  that  is  of 
value. 

Lupus  ersrthematosus,  when  it  affects  the  conjunctiva,  appears 
as  small  irregular  plaques  covered  with  grayish  masses  of  exudation 
and  superficial  cicatrices,  sometimes  with  punctate  excoriations. 
Lupus  (erythematosus  of  the  face  accompanies  the  conjunctival  affec- 
tion. The  disease  progresses  slowly,  and  is  accompanied  by  slight 
irritation  and  increased  lacrymation. 

Etiology  is  not  well  understood.  \Mien  disease  of  the  face  accom- 
panies that  of  the  conjunctiva  the  diagnosis  is  readily  made. 

Treatment  is  of  no  avail. 

Acne  of  the  Conjunctiva.  Tliis  condition  sometimes  accompanies 
acne  nodosum  of  the  face.  The  ocular  conjunctiva  usually  is  affected. 
The  condition  resembles  phlyctenular  conjunctivitis  closely. 

Affections  of  the  Caruncle  and  Semilunar  Fold.  Inflammation  of 
the  caruncle  may  be  due  to  infection  of  one  of  the  glands  of  the 
caruncle,  resulting  in  the  formation  of  an  abscess.  The  abscess  may 
be  incised,  or  it  may  be  permitted  to  open  spontaneously,  when  it 
will  readily  heal.  The  hairs  of  the  caruncle  may  become  a  source  of 
irritation.    Epilation  or  extirpation  is  the  remedy. 

Papilloma  may  develop  on  the  caruncle,  where  it  presents  the 
same  characteristics  as  when  it  appears  on  other  parts  of  the  con- 
junctiva. Congenital  telangiectatic  growths  may  appear  in  the 
caruncle. 

Eucanthus  is  a  term  applied  to  any  enlargement  of  the  caruncle. 
In  all  forms  of  conjunctivitis  there  is  enlargement  of  the  caruncle, 
which  disappears  as  the  inflammation  of  the  conjunctiva  subsides. 
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Cystic  enlargement  is  sometimes  observed.  Chalky  deposits  may 
occm-  in  the  glands  of  the  caruncle,  causing  enlargement.  Adenoma 
may  develop.  When  the  enlargement  is  due  to  development  of  sar- 
coma or  epithelioma,  the  term  eucanihics  maligna  is  applied. 

Treatment  in  all  cases  of  enlargement  from  the  development  of 
new-growths  should  be  excision. 

Symblepharon.  Cicatricial  union  of  the  palpebral  to  the  bulbar 
conjunctiva  is  termed  sjanblepharon.  It  occurs  after  burns,  injuries, 
and  some  operative  procedures,  and  as  the  result  of  purulent  con- 
junctivitis, pemphigus,  and  trachoma.  The  bands  of  cicatricial 
tissue  may  extend  to  the  cornea.  Should  the  union  between  the 
lids  and  globe  be  complete,  the  condition  is  termed  symUepharon 
totale.  If  the  union  extends  from  the  bottom  of  the  fornix,  partially 
uniting  the  lid  to  the  globe,  it  is  termed  symblepharon  posterius. 
When  the  union  of  the  lid  to  the  eyeball  is  such  that  the  cicatricial 
band  does  not  extend  to  the  bottom  of  the  fornix,  the  condition  is 
termed  symblepharon  anterius 

The  treatment  of  symblepharon  is  surgical.  In  symblepharon 
anterius,  carefully  dissect  the  lid  from  the  eyeball,  and,  if  the  adhesion 
is  not  extensive,  the  surfaces  may  be  separated  daily  until  cicatri- 
zation has  taken  place;  a  pledget  of  cotton  soaked  with  olive  oil 
may  be  interposed  between  the  raw  surfaces  and  permitted  to  remain 
until  healing  occurs.  The  bridge  of  tissue  may  be  ligated  and  the 
ligature  allowed  to  slough  through. 

In  extensive  anterior  symblepharon,  the  defect  in  the  bulbar 
conjimctiva  may  be  covered  by  dissecting  the  conjunctiva  at  thQ 
border  of  the  defect  from  the  underlying  tissue,  making  sliding  flaps 
from  both  sides  and  uniting  the  margins  of  the  conjunctiva  over  the 
defect  in  the  ocular  conjunctiva.  With  an  epithelial  surface  opposed 
to  the  defect  in  the  conjunctiva  of  the  lid  the  defect  in  the  lid  will 
cicatrize  without  adherence  to  the  globe. 

Plastic  operations  of  various  kinds  have  been  advocated  for  cor- 
recting symblepharon  posterius  and  totalis ;  but  none  of  them  is  per- 
fectly satisfactory.  After  the  lids  have  been  dissected  from  the 
globe  a  flap  of  conjunctiva  from  a  rabbit's  eye  may  be  conveyed, 
with  antiseptic  precautions,  to  the  defect,  and  made  to  cover  it, 
being  stitched  into  place.  A  Thiersch  graft  may  be  made  to  cover 
the  defect,  or  a  thin  skin  flap  (Wolffe's  flap)  may  be  employed.  After 
the  flap  is  in  position  a  shell  of  glass,  lead,  celluloid,  or  some  similar 
substance  should  be  so  placed  as  to  hold  the  flap  in  position  until 
healing  has  taken  place. 

CORNEA. 

Anatomy.  The  cornea  forms  the  anterior  part  of  the  fibrous  coat 
of  the  eye.  It  is  in  form  a  horizontal  ellipse,  measuring  11  mm.  in 
its  vertical  and  12  mm.  in  its  horizontal  meridians.  At  the  periphery 
the  cornea  is  1  mm.  in  thickness,  but  at  the  centre  it  is  slightly 
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thinner.  The  racHus  of  curvature  of  tlie  anterior  surface  of  the  cornea 
IS  variously  estiinuted  at  7.5  inm.  to  S  nun.  Since  the  radius  of 
curvature  of  the  scleral  portion  of  the  globe  is  12  mm.,  it  will  be 
readily  seen  that  the  cornea  is  more  sharply  curved  than  the  sclera. 
A  slight  annular  depression  is  found  at  the  anterior  margin  of  the 
sclera— the  union  of  the  cornea  with  the  sclera— known  as  the  sulcus 


FiQ.  138. 


Sectional  view  of  cornea.  (Schaefer.) 


sclercE.  Although  oval  in  form  anteriorly,  posteriorly  the  cornea  is 
circular.  The  sclera  overlaps  the  corneal  tissue  externally,  the  over- 
lapping being  greatest  above  and  below.  The  cornea  is  composed  of 
five  layers  (Fig.  138) : 

1.  The  epithelial  layer,  which  is  stratified;  the  superficial  layer  of 
cells  is  composed  of  tessellated  or  pavement  epithelium.    The  cells 
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of  the  middle  layer  are  irregularly  cuboidal  in  form,  and  are  supplied 
with  numerous  fine  processes  ("prickle  cells")  which  interlace  with 
the  processes  of  the  adjoining  cells.  The  cells  of  the  deep  or  base- 
ment layer  are  columnar  or  cylindrical  in  shape,  are  somewhat 
irregular  in  length,  and  are  placed  on  a  basement  membrane.  AH 
of  the  cells  of  the  cornea  are  supplied  with  nuclei.  Regeneration 
of  cells  takes  place  from  all  the  layers.  ^ 

2.  The  second  layer  is  a  thin  membrane,  and  is  known  as  Bowman  s 
membrane.    (Fig.  139.) 

3.  The  third  layer  is  the  thickest  layer  of  the  five,  and  is  known 
as  the  substantia  propria.  It  consists  of  numerous  bundles  of  con- 
nective-tissue fibres  associated  in  thin  layers— lamella?.  The  lamellae 
are  arranged  parallel  to  the  surface  of  the  cornea.  They  are  joined 
by  connective-tissue  fibres  which  pass  from  one  lamella  to  another. 
The  connecting  fibres  are  so  numerous  in  the  anterior  part  of  the 
substantia  propria  that  they  are  given  the  name  of  fihroB  arcuatce. 


Fig.  139. 


Anterior  epithelial  layer  of  cornea.  (Quain.) 

Lying  between  the  bundles  and  lamella?  are  small  spaces  known  as 
lacuna^,  and,  uniting  these,  numerous  small  canals  known  as  canaliculi. 
These  lacuna?  and  canaliculi  together  form  the  canalicular  lymph 
system  of  Recklinghausen.  In  each  lacuna  a  branching  cell  is  found 
whose  protoplasmic  processes  extend  along  the  canaliculi,  anasto- 
mosing with  those  of  adjacent  cells.  These  cells  are  known  as  the 
fixed  cells  of  the  cornea,  in  contradistinction  to  the  leucocytes,  which 
by  amtfibic  movements,  penetrate  to  every  part  of  the  cornea,  and 
are  known  as  the  migratory  cells  of  the  cornea. 

4.  The  fourth  layer  of  the  cornea  is  a  thin  homogeneous  mem- 
brane, known  as  Descemet's  membrane,  which  possesses  chemical 
properties  that  serve  to  distinguish  it  from  Bowman's  membrane. 
Ranvier  is  of  the  opinion  that  this  corneal  membrane  is  the  product 
of  the  endothelial  cells  of  the  cornea  which  rest  upon  it.  The  mem- 
brane of  Descemet  breaks  up  into  numerous  fibres  at  the  periphery 
of  the  cornea,  forming  the  ligamentum  pectinatum. 

5.  This  layer  consists  of  a  single  layer  of  polygonal  cells  of  the 
endothelial  variety  which  lose  their  peculiarities  at  the  ligamentum 
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pectinatum,  passing  over  into  cells  that  are  much  thinner  and  that 
cover  the  fibres  of  this  ligament. 

Nerves.  These  are  derived  from  the  ciliary  plexus  formed  by  the 
long  and  short  ciliary  nerves.  (Fig.  140.)  They  pass  through  the 
sclera  on  the  outer  side  of  Schlemm's  canal  and  form  a  network 
the  'plexus  annularis,  in  the  vicinity  of  the  margin  of  the  cornea' 
From  this  plexus  two  sets  of  twigs  are  given  off,  one  set  passing  to 
the  conjunctiva,  where  they  join  the  conjunctival  nerves  and  form 
a  plexus.  From  this  plexus  a  number  of  nerve  trunks  are  given 
off,  which  enter  the  cornea  and  supply  the  anterior  layers  of  that 
structure.  The  second  set  of  twigs  pass  directly  to  the  substantia 
propria  cornefe,  entering  it  near  Descemet's  membrane. 


Fig.  140. 


Oblique  section  of  the  human  cornea,  showing  ramification  of  the  nerves.  (De  Weckeb.) 

Radial  fibres  which  leave  the  nerve  trunks  at  the  nodes  of  Ranvier 
pass  to  Bowman's  membrane,  which  they  pierce  and  form  a  plexus, 
the  subepithelial  plexus,  from  which  terminal  fibrilla;  are  derived, 
which  end  in  the  epithelial  layer  in  nerve  plates,  peculiar  convolu- 
tions, bulbs,  hooks,  and  free  ends. 

Bloodvessels  do  not  occur  in  the  cornea,  except  at  the  limbus, 
where  the  episcleral  bloodvessels  end  in  a  circle  of  looped  capillaries. 

Diseases  of  the  Cornea. 

Diseases  of  the  cornea  are  included  under  the  general  term  keratitis. 
They  may  be  considered  under  two  headings— suppurative  and  non- 
suppurative. 

Histological  Considerations.  Regeneration  of  Corneal  Tissue.  It 

is  at  present  conceded  that  the  regeneration  of  corneal  tissue  proceeds 
from  cells  that  migrate  into  the  corneal  tissue  and  form  the  mixed 
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cells  of  the  cornea.  When  regression  of  a  corneal  ulcer  has  com- 
menced, formative  elements  are  found  at  the  edge  of  the  ulcer  which 
gradually  develop  into  connective-tissue  fibres;  this  process  con- 
tinues until  the  defect  m  the  cornea  is  filled  up  by  the  new  tissue. 
The  new  fibres  are  not  arranged  in  lamellie,  nor  are  they  disposed 
parallel  to  the  surface  of  the  cornea.  This  irregularity  of  the  dis- 
position of  the  fibres  causes  a  loss  in  transparency;  the  tissue  so 
formed  is  opaque.  In  the  healing  of  an  ulcer  the  surface  becomes 
covered  with  epithelium  before  the  defect  has  been  filled  up  by  the 
deposition  of  the  new  fibres.  The  development  of  new-formed  tissue 
continues  until  eventually  the  epithelial  layer  is  raised  to  its  normal 
height.  In  a  certain  proportion  of  cases  complete  filling  of  the  defect 
does  not  take  place.  The  area  involved  in  the  ulcerative  process 
in  these  cases  is  often  flat,  forming  what  are  known  as  facets.  Bow- 
man's membrane  is  never  regenerated.  Accompanying  ulceration 
of  the  cornea,  if  the  process  is  at  all  widespread,  and  in  some  cases 
where  the  tissue  affected  is  not  extensive  (the  invasion  not  deep), 
irritation  of  the  iris  is  produced  sufficient  to  bring  about  an  exuda- 
tion of  lymphoid  cells  and  of  the  coagulable  portions  of  the  blood 
into  the  anterior  chamber.  This  exudate  constitutes  what  is  known 
as  hypopyon. 

Suppurative  Forms  of  Keratitis. 

Eczematous  Keratitis  (Phlyctenular  Keratitis;  Scrofulous  Kera- 
titis; Lymphatic  Keratitis).  The  etiology  and  pathology,  except  in 
regard  to  the  affection  of  the  tissues  of  the  cornea,  are  the  same  as 
in  eczematous  conjunctivitis.  The  disease  is  met  with  most  fre- 
quently in  children  between  the  ages  of  two  and  twelve  years,  but 
may  appear  in  individuals  up  to  the  age  of  forty  years.  In  many 
of  the  patients  with  eczematous  (phlyctenular)  keratitis  obstructive 
rhinitis  and  adenoid  tissue  in  the  vault  of  the  pharynx  are  foimd. 

Symptoms.  Severe  irritation,  as  of  a  foreign  body  in  the  eye; 
pain  of  a  neuralgic  type,  often  extending  to  the  orbit  and  temple; 
profuse  lacrymation;  photophobia,  which  is  often  intense,  causing 
clonic  blepharospasm  in  the  milder  cases  and  tonic  blepharospasm 
in  severe  cases.  In  some  cases  the  photophobia  is  so  intense  that 
the  patient  cannot  be  induced  to  open  the  eyes,  even  in  a  moder- 
ately lighted  room,  but  avoids  the  light  in  every  possible  way.  The 
intense  photophobia  is  due  to  irritation  of  the  terminal  sensory 
nerve  filaments,  which  are  so  richly  supplied,  to  the  corneal  epithelium. 
(Fig.  141.)  On  forcibly  separating  the  lids,  there  is  often  a  gush  of 
lacrymal  fluid  mixed  with  flakes  of  mucus.  There  is  hypera^mia 
of  the  ocular  conjunctiva,  particularly  in  the  vicinity  of  the  phlyc- 
tenule. The  vesicles  may  be  single  or  multiple.  They  may  form 
at  the  margin  of  the  cornea  only,  may  be  distributed  over  the  surface 
of  the  cornea,  or  may  produce  peculiar  figures.  The  phlyctenule 
develops  as  in  the  conjunctiva,  the  apex  softens  and  disappears, 
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and  an  ulcer  results.  The  ulcer  in  many  cases  involves  the  super- 
ficial lamellfE  of  the  cornea  and  leaves  a  faint  opacity  when  it  heals 
due  to  the  presence  of  a  thin  layer  of  cicatricial  tissue.  ' 


Fig.  141. 


n 

Efflorescence  on  the  cornea  in  conjunctivitis  eczematosa.  The  nodule,  which  consists  of  cells  lies 
between  Bowman's  membrane,  B,  and  the  epithelium,  E.  which  latter  is  thus  raised  so  as  to  form  a 
prominence.  In  the  epithelium  we  distinguish  the  lowermost  layer  of  cylindrical  cells,  u  the  middle 
layer  of  polygonal  cells,  m.  and  the  uppermast  layer  of  flat  cells,  o  ,■  scattered  between' the  epithelial 
cells  lie  a  few  round  cells,  r.  A  nerve,  n,  is  seen  extending  through  the  parenchyma  of  the  cornea 
C,  and  among  the  corneal  corpuscles,  A',  up  to  the  nodule.   (After  Iwanoff.) 

A  peculiar  form  of  eczematous  keratitis  is  that  known  as  fascicular 
or  frenular  keratitis.  This  is  characterized  by  the  formation  of 
successive  phlyctenula?,  another  appearing  directly  in  advance  of  a 


Fig.  142. 


Eczenaatous  efflorescence  in  the  limbiis. .  The  sclera,  S,  is  distinguished  by  its  more  delicate  fibril- 
lation and  its  bloodvessels  from  the  more  homogeneous  non-vascular  cornea,  H.  The  nodule  is 
situated  at  a  point  corresponding  to  the  boundary  between  the  two  membranes,  but  more  over 
the  sclera  than  over  the  cornea.  It  consists  of  densely  packed  round  cells,  between  which  the 
bloodvessels  are  recognizable  under  the  form  of  lighter  colored  strife.  In  the  vicinity  of  the 
nodule  the  vessels  of  the  conjunctiva,  c,  and  episclera,  e,  are  bordered  by  extravasated  leuco- 
cytes. The  epithelium,  E,  of  the  conjunctiva  is  bulged  forward  by  the  nodule,  and  at  the  apex  of 
the  latter  is  thinned  and,  owing  to  the  penetration  of  the  round  cells  into  the  epithelial  layer  itself, 
has  lost  the  sharp  border  ordinarily  existing  between  it  and  the  connective  tissue.  Magnified 
62  X  1.  (FucHS.) 

subsiding  one,  the  process  beginning  at  the  margin  of  the  cornea. 
(Fig.  142.)  The  phlyctenule  at  the  apex  is  connected  with  the  con- 
junctiva by  a  leash  of  vessels  which  lie  in  the  track  of  the  disease. 
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The  process  often  extends  far  onto  the  cornea,  and  forms  a  curved 
tract.  On  subsiding,  an  opaque  stripe  is  left,  which  has  been  termed 
the  scrofulous  hand. 

Complications.  A  phlyctenular  ulcer  may  extend,  rapidly  produce 
perforation  of  the  cornea,  and  result  in  much  damage  to  the  eye. 

Diagnosis.  Eczematous  keratitis  may  be  confounded  with  herpes 
of  the  cornea,  but  the  history  of  the  case  will  suffice  to  differentiate 
between  them. 

Prognosis.    Is  favorable  in  nearly  all  cases. 

Treatment.  Local  and  constitutional  treatment  should  be  employed. 
It  is  often  difficult  to  inspect  the  cornea  on  account  of  the  photo- 
phobia and  blepharospasm.  If  a  drop  of  a  solution  of  cocaine  be 
instilled,  the  photophobia  and  blepharospasm  will  be  much  relieved. 
With  many  children  it  is  necessary  to  place  the  head  between  the 
physician's  knees  before  attempting  to  expose  the  cornea;  a  hd 
retractor  is  often  required.  The  cornea  is  sometimes  hidden  under 
the  upper  lid,  and  it  is  necessary  to  wait,  with  the  lid  retracted,  for 
it  to  come  gradually  into  view.  In  severe  cases  a  little  ether  or 
chloroform  may  be  given. 

The  eye  should  be  bathed  or  douched  three  or  four  times  a  day 
with  a  solution  of  boric  acid.  Atropine  may  be  instilled  sufficiently 
often  to  keep  the  pupil  dilated.  If  the  phlyctenule  has  broken  clown, 
calomel  may  be  dusted  onto  the  cornea  once  daily.  An  ointment 
of  the  yellow  oxide  of  mercury  (1  per  cent,  in  vaseline)  may  be  put 
into  the  eye  twice  daily.  Fissure  of  the  outer  commissure  often 
exists  in  these  cases.  The  blepharospasm  may  be  relieved  to  some 
extent  by  touching  the  fissure  with  a  stick  of  nitrate  of  silver  or  with 
a  crystal  of  the  sulphate  of  copper  (Koller).  Obstructive  rhinitis 
and  postnasal  gro^i:hs  should  receive  appropriate  treatment. 

Systemic  treatment  should  be  mstituted  as  for  eczema  of  the 
conjimctiva. 

In  fascicular  keratitis  the  cure  can  be  hastened  by  cutting  the 
leash  of  vessels  at  the  sclerocorneal  margin  by  means  of  a  sharp 
spud. 

Ulcers  of  the  Cornea.  Ulcers  of  the  cornea  are  variously  classi- 
fied. In  regard  to  their  development,  they  are  primary,  beginning  in 
the  cornea  itself,  or  secondary,  by  extension  of  the  process  from  the 
conjunctiva  or  from  contigiious  tissues. 

In  regard  to  position,  they  are  marginal  or  central. 

As  to  involvement  of  tissue,  they  are  superficial  or  deep. 

As  to  shape,  they  are  circular,  crescentic,  punctate,  dendritiform, 
filamentous,  and  irregular. 

In  character  they  are  simple  or  infected.  To  the  latter  belong 
the  so-called  mycotic  forms. 

In  regard  to  the  stage  of  development,  they  are  progressive  or 
regressive. 

Ulcers  of  the  cornea  present  certain  symptoms  in  common.  (Fig. 
143.) 
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In  nil  there  are  loss  of  corneal  substance  and  more  or  less  opacity 
of  the  cornea  at  the  site  of  the  ulcer  and  in  its  vicinity.  Photophobi-i 
and  pain  are  present  in  all  but  the  neuroparalytic  form.  Impair- 
ment of  vision  occurs  in  all  cases  in  which  the  pupillary  area  is 
involved.  Pericorneal  injection,  partial  or  complete,  with  more  or  less 
secretion,  is  always  present.  The  iris,  ciliary  body,  and,  in  rare  cases 
the  choroid,  may  become  involved  in  the  inflammatory  process,  and 
should  receive  appropriate  attention.  ' 

Simjyle  Ulcer.  Simple  ulcer  of  the  cornea  does  not  tend  to  advance 
It  may  possess  a  grayish  base,  but  often  is  clear  and  clean,  and  tends 
to  heal  rapidly.    The  ulcer  may  have  any  form,  but  is  usually 
circular. 

Cause.  Simple  ulcer  is  usually  traumatic;  but  the  term  is  also 
applied  to  those  forms  of  infected  ulcer  in  which  the  progress  is 
speedily  arrested. 

Treatment.  Simple  cleanliness  with,  perhaps,  the  use  of  a  boric 
acid  solution  or  a  solution  of  mercuric  chloride  (1  ;  10,000)  is  all 
that  is  required. 


Corneal  ulcer.  (Saemisch.) 


Infected  Ulcer.  The  term  infected  ulcer  is  applied  to  ulcers  which 
develop  after  solution  of  continuity  of  the  corneal  tissue,  due  to  the 
entrance  of  a  pyogenic  micro-organism,  such  as  the  Staphylococcus 
pyogenes  aureus,  streptococcus,  pneumococcus,  etc.  All  infected 
ulcers  are  associated  with  an  infiltration  of  the  corneal  tissue  which 
extends  to  a  greater  or  less  degree  from  the  margins  of  the  ulcer. 
Infected  ulcers  may  be  marginal  or  central,  circular  or  crescentic,  or 
irregular  in  form,  and  pursue  a  course  dependent  on  the  nature  of  the 
micro-organism  that  has  invaded  the  corneal  tissue,  on  the  location  and 
on  the  ability  of  the  corneal  tissue  to  resist  the  destructive  influence 
of  the  micro-organism.  To  this  class  belong  some  forms  of  cres- 
centic keratitis,  the  so-called  "serpent  ulcer,"  "oyster  shuckers'  kera- 
titis, "  and  some  of  the  forms  of  hypopyon  keratitis. 

Marginal  Keratitis.  This  term  is  applied  usually  to  the  keratitis 
that  accompanies  eczema  of  the  conjunctiva,  which  has  been  described 
under  the  heading  of  Eczematous  Keratitis.  Another  form  of 
marginal  keratitis  is  the  form  that  appears  in  the  shape  of  a  long 
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crescent  involving  from  one-fifth  to  two-thirds  of  the  circumference 
of  the  cornea,  sometimes  the  entire  circumference  of  the  cornea,  and  to 
which  the  term  "  crescentic  ulcer  "  sometimes  is  applied.  This  variety 
presents  itself  as  an  interrupted  line  of  grayish  infiltration  inmiediately 
beneath  the  epithelium,  occurring  just  beyond  the  free  margin  of  the 
limbus.  To  the  unaided  eye,  this  seems  to  be  a  continuous  line;  but 
examined  with  the  lens  it  is  seen  to  be  made  up  primarily  of  minute 
pustules  which  rapidly  coalesce.  Within  twenty-four  to  thirty-six 
hours  the  epithelium  covering  these  pustules  disappears,  and  a  super- 
ficial ulcer  results.  This  process  tends  to  advance  toward  the  centre 
of  the  cornea  regularly,  the  line  of  demarcation  being  quite  clearly 
cut.  With  the  advance  of  the  superficial  infiltration  the  epithelial 
cells  disappear,  but  the  deep  layers  of  the  cornea,  save  for  a  scanty 
infiltration  of  small  cells,  seldom  are  invaded.  The  affection,  par- 
ticularly m  poorly  nourished  individuals,  may  advance  until  a  large 


Fig.  144. 


Cicatrix  of  corneal  ulcer.  (Saemisch.) 


part  of  the  epithelium  of  the  cornea  has  disappeared.  The  super- 
ficial lamellffi  of  the  cornea  are  also  sometimes  affected  to  such  an 
■extent  that  when  the  ulcer  has  healed  a  delicate  cicatrix,  indicated 
by  the  presence  of  a  thin  opacity,  remains.  (Fig.  144.)  This  form 
•of  keratitis  is  usually  monocular. 

Cause.  It  is  highly  probable  that  a  condition  of  the  corneal  tissue 
which  renders  it  less  capable  of  resisting  the  inroads  of  micro- 
organisms is  an  essential  element  in  the  development  of  this  condition. 
Micro-organisms  that  have  been  obsei-ved  in  this  form  of  ulcer  are 
Staphylococcus  pyogenes  aureus,  Klebs-Loeffler  bacillus,  and  the 
pneumococcus. 

Duration  and  Symptoms.  This  form  of  marginal  keratitis  seldom  is 
met  with  in  children,  but  is  most  frequent  in  adults  of  advanced 
years.  It  progresses  slowly,  is  attended  with  pronounced  symptoms 
of  irritation,  and  is  accompanied  by  more  or  less  secretion  from  the 
conjunctiva.  Injection  of  the.  palpebral  as  well  as  of  the  ocular 
conjunctiva  is  present.  The  process  may  terminate  in  a  few  days, 
but  in  some  cases  three  months  may  elapse  before  recovery  takes 
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place.  Certain  forms  of  marginal  or  crescentic  keratitis  bear  a 
close  resemblance  to  dendritiform  keratitis. 

Diagnosis.  The  diagnosis  of  crescentic  ulcer  presents  no  difficulties 
smce  the  location  and  form  are  the  essential  features. 

Treatment.  In  addition  to  the  local  treatment,  the  general 
health  of  the  mdividual  should  be  carefully  investigated  and  meas- 
ures adopted  for  miproving  it.  Locally,  treatment  consists  in  cleans- 
mg  the  eye  from  tune  to  tmie  with  a  solution  of  boric  acid,  3  per  cent 
mild  solutions  of  mercuric  chloride  or  potassium  permanganate  and 
the  introduction  of  antiseptic  remedies,  of  which  mercuric  chloride 
omtment  m  the  strength  of  1:3000  to  1:5000  in  vaseline  is  one  of 
the  best.  Iodoform,  aristol,  or  nosophen  may  be  inspersed.  In  the 
majority  of  cases,  however,  the  use  of  a  chemical  or  thermal  escharotic 
or  caustic  is  of  great  value.  The  electro-cautery  or  the  ordinary  thermo- 
cautery may  be  applied  directly  to  the  ulcer.  When  the  cautery 
IS  employed,  every  part  of  the  diseased  surface  should  be  touched.  A 
very  excellent  application  and  one  that  can  be  perfectly  controlled  is 
pure  carbolic  acid. 

Other  forms  of  marginal  keratitis  secondary  to  operative  pro- 
cedures are  observed.  These  are  due  to  infection  of  the  wound,  and 
frequently  produce  extensive  destruction  of  the  cornea.  The  treat- 
ment of  these  ulcers  is  similar  to  that  for  the  idiopathic  marginal  or 
crescentic  ulcer,  which  has  been  described. 

_  Central  Infected  Ulcer n  of  the  Cornea.  These  may  assume  a 
circular  or  an  irregular  shape.    They  may  result  in  destruction  of 


Fig  145. 


Keratectasia  produced  by  an  ulcer.  The  thinned  and  protruding  cicatrix  is  distinguished  by  its 
denser  texture  from  the  adjacent  normal  cornea.  The  epithelium,  e,  over  it  is  thickened,  while 
Bowman's  membrane,  6,  is  wanting.  On  the  other  hand,  Descemet's  membrane,  d,  with  its  epithe- 
lium, is  everywhere  present,  a  proof  that  the  ulcer  has  not  perforated.   Magnified  25  x  1.  (Fdchs.) 

a  small  or  a  large  portion  of  the  corneal  tissue,  or  in  destruction 
of  the  entire  cornea.  The  form  of  ulcer  to  which  the  term  circular 
IS  applied  occurs  most  frequently  in  the  shape  of  a  cone  whose  apex 
is  in  the  stroma  of  the  cornea.  The  walls  of  the  ulcer  present  a 
grayish  appearance,  and  infiltration  of  the  cornea  extends  quite 
regularly  into  the  adjacent  tissues.  In  some  cases  hernia  of  the 
anterior  chamber  results.   (Fig.  145.)  In  some  cases  perforation  takes 
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place,  and  in  others  plastic  lymph  forms  at  the  bottom  of  the  anterior 
chamber,  when  a  condition  known  as  hypopyon  is  produced.  The 
circular  ulcer  is  usually  a  relatively  benign  form,  and  regression  sets 
in  before  perforation  occurs.  The  ulcer  when  first  noticed  presents 
as  a  superficial  loss  of  epithelium  with  a  grayish-yellow  centre. 
This  grayish-yellow  centre  represents  a  mass  of  superficial  necrotic 
tissue,  which  liquefies  and  extends  slightly  until  within  twenty-four 
or  seventy-two  hours  a  relatively  deep  loss  of  tissue  results.  This 
form  of  ulcer  may  occur  at  any  period  of  life,  but  is  most  frequent 
in  adults.  Its  duration  is  usually  from  five  to  ten  days.  In  severe 
cases  perforation,  fistula,  and  partial  staphyloma  may  result. 

Treatment.  The  measures  previously  spoken  of,  comprised  by  the 
terms  cleanliness  and  asepsis,  should  be  employed.  In  rnany  cases 
the  inspersion  of  calomel  once  daily,  with  the  introduction  of  .the 
ointment  of  mercuric  chloride  four  times  a  day,  will  suffice  to 
bring  about  recovery;  but  in  all  cases  of  circular  ulcer  either  the 
actual  cautery  or  pure  carbolic  acid  may  be  employed  with  very 
excellent  results,  and  recovery  brought  about  much  more  rapidly 
than  by  the  use  of  simple  medication.  The  condition  of  the  system 
should  always  be  inquired  into,  and  suitable  measures  instituted  to 
correct  irregularities. 

Hypopijon  Keratitis.    In  all  pronounced  cases  of  corneal  ulcer 
the  anterior  segment  of  the  vascular  coat  of  the  eye  (iris  and  ciliary 
body)  is  more  or  less  irritated.    As  a  result,  exudation^  from  the 
vessels  ensues.    The  aqueous  humor  becomes  more  albuminous,  and 
fibrin  forms.    Fibrin  is  deposited  on  the  posterior  surface  of  the 
cornea,  and  often  on  the  other  surfaces  that  are  in  contact  with  the 
aqueous  humor.    If  the  irritation  is  suflficient,  leucocytes  escape 
from  the  vessels  of  the  iris  and  ciliary  body,  and  reach  the  anterior 
chamber  and  gravitate  to  the  bottom.  If  sufficient  fibrin  is  present, 
the  leucocytes  become  imbedded,  forming  a  pultaceous  mass  which 
does  not  change  its  position  when  the  position  of  the  head  is  changed. 
In  the  absence  of  sufficient  fibrin  the  collection  remains  fluid  and 
changes  its  position  as  the  position  of  the  head  is  changed.  The 
mass  is  yellow  in  color,  and  resembles  pus.  It  contains  no_  pathogenic 
germs  and  is  innocuous.    Its  presence  constitutes  what  is  known  as 
hypopyon.  The  superior  border  of  the  hypopyon  is  often  slightly  con- 
vex.   On  looking  obliquely  into  the  anterior  chamber,  it  will  be  seen 
that  the  pus  is  chiefly  deposited  on  the  posterior  surface  of  the  cornea, 
the  surface  of  the  iris  being  free  to  a  considerable  distance  belo\y  the 
upper  margin  of  the  deposit.  The  researches  of  Leber  make  it  evident 
that  the  presence  of  the  leucocytes  and  fibrin  is  an  attempt  on  the 
part  of  nature  to  aid  in  preventing  destruction  of  the  corneal  tissue. 
Many  of  the  leucocytes  penetrate  into  the  corneal  tissue  by  way  of 
Fontana's  spaces  and  proceed  to  the  vicinity  of  the  ulcer.  The 
excess  remain  in  the  anterior  chamber,  and  there  form  the  collection 
just  described.    Older  observers,  noting  the  convex  upper  border  of 
the  mass  of  exudation  in  the  anterior  chamber,  and  the  fact  that 
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th(>  ins  was  Irec,  supposed  that  tlio  collection  of  pus  was  between 
the  lamella?  of  the  cornea,  and,  because  of  the  resemblance  to  the 
lunula  of  the  finger-nail,  termed  it  unguis  or  onyx  (nail) 

The  presence  of  hypopyon  in  itself  calls  for  no  particular  treatment 
V\  ith  subsidence  of  the  disease  which  calls  it  into  existence  it  disap- 
pears by  absorption,  sometimes  slowly,  sometimes  rapidly.    It  may 
disappear  and  reappear,  and  vary  in  amount  from  day  to  day 

Acute  Sloughing  Ulcer  {Serpent  Ulcer,  Saemisch).    This  form  of 
ulcer_  affects  adults  almost  exclusively.    It  may  occur  in  children 
debilitated  by  exhausting  disease.    Infection  through  a  wound 
usually  superficial,  is  the  cause,  the  pathogenic  micro-organism  being 
introduced  either  at  the  time  of  the  traumatism,  or  subsequently 
from  the  contents  of  the  conjunctival  sac.    This  affection  has 
been  observed  frequently  in  farmers  during  the  harvest  season,  and 
has  been_  termed  "harvesters'  keratitis."    Stonemasons  are  par- 
ticularly liable.    A  similar  form  of  corneal  ulcer  has  been  observed 
in  those  engaged  in  opening  oysters,  and  has  been  termed  "oyster 
shuckers'  keratitis"  (Rudolph).  The  micro-organisms  chiefly  engaged 
in  the  production  of  acute  sloughing  keratitis  are  the  pneumococcus 
(Fraenkel,  Weichselbaum,  Sattler,  Gaspanini,  Pearls,  Basso,  Uhthoff, 
and  Axenfeld),  streptococcus,  Staphylococcus  pyogenes  aureus,  gono- 
coccus,  Klebs-Loeffler  bacillus,  etc.    The  term  serpent  ulcer  is  not 
descriptive  of  the  disease,  and  should  be  abandoned. 
_  According  to  Fuchs,  the  characteristic  clinical  picture  of  the  disease 
IS  present  only  in  the  early  stage.  It  then  ai^pears  as  a  disk-like  opacity 
near  the  centre  of  the  cornea,  the  centre  of  the  disk  being  not  so  dense 
as  the  margin.    The  surface,  which  at  first  is  slightly  raised,  soon 
becomes  slightly  depressed.    Ii-itis,  cyclitis,  and  hypopyon  develop 
early.    The  ulcer  advances  irregularly;  an  arrest  may  occur  in  one 
portion,  and  the  epithelium  may  advance  over  the  edge  of  the  defect 
At  another  part  the  gray  infiltration  advances,  and  loss  of  corneal 
tissue  continues.    Hernia  of  the  anterior  chamber,  followed  shortly 
by  perforation,  is  the  usual  course.    The  entire  cornea  may  become 
involved  and  slough.    As  complications,  there  may  be  loss  of  the 
crystallin(>  lens,  escape  of  ^dtreous  humor,  detachment  of  the  retina, 
intra-ocular  hemorrhage,  panophthalmitis,  etc. 

Treatment.^  This  should  be  energetic  from  the  start.  If  the  ulcer 
is  small  and  in  the  early  stage,  medicinal  treatment  may  be  em])loyed, 
provided  the  patient  is  under  close  observation  and  can  devote  the 
time  to  treatment.  This  consists  in  hot  bathing,  which  should  be 
continuous  during  the  waking  hours.  Atropine,  in  1  to  3  per  cent, 
solution,  should  be  instilled  sufficiently  often  to  keep  the  pupil  dilated. 
Labarraque's  solution,  1 : 10  to  1 : 8,  may  be  instilled  every  two  hours! 
Iodoform  may  be  inspersed  and  a  compress  bandage  applied.  If 
treated  as  an  "out"  patient,  operative  procedures  should  be  resorted 
to  at  once.  In  the  early  stage,  if  a  large  area  is  not  involved  and 
little  hypopyon  is  present,  cauterization  should  be  resorted  to,  pref- 
erably with  the  actual  cautery.  Atropine  should  have  been  instilled 


1)Isi-:asi-:s  of  aos.iUNdTiVA,  (johnha,  and  saumA.  tior, 

[ir''vioijHly.  AfW-r  fi.'UiU-rizifjg,  hxlofortu  rruiy  \>(;  <\nHU:(\  into  liic 
wound  and  a  fo;nf>r<'HH  Ijanduj^f;  af>|;li''d;  or  tho  rionjunciiva)  Ha^;  may 
Im'  filled  wil.li  f>if;lilorid»;  vawlinf  J : />fK)0,  and  ihr;  r^yf;  bandagf;d. 
Thf!  f'y(f  Mliould  Ix;  ifiHfjficlxjfl,  thr;  n;fn<jdi'«  uw;d,  and  tfic  banrjage 
rfajjijli'-d  from  onr-  f.o  flirfo  iini^?H  in  lwr;nf,y-foijr  hourK,  In  ulcorH 
t,lia.l.  an;  largr;  wil  l)  lar/<';  l)yf;r^j;yf;n  th';  Sa/;miKcli  inrjihion  Khould 
jjf;rformrfd,  'I'JiiH  \h  dono  f^y  pi'-rcinj^  ilic  doar  conu'/d  at  th<;  tnnrfsiii 
of  tfif!  ulcra-,  <;arryin(<  tho  point  r>f  tho  knifr;  inU^  i\ut  ant/frior  r;ha;nU;r 
IjffK'atli  tlif  ijlf;<'r,  afid  makinj^  tli^;  (:()\uiU-r-])\u\cAur(:  in  clr;ar  (•ornc/d. 
'I'lic  ijuo.sion  i.s  corfipl<;U;d  [>y  cutting  tfiroiigfi  tli^-  floor  of  tho  ulcjtr. 
'I'Ik;  aqiir;ouH  Jiumr^r  is  porrnitttid  U)  f^capf;  Klowly,  Thf?  Vijm  of  the 
wound  ar<!  w!fjaratf!d,  and  tfie  puItacf;ouH  rnaHH  forming  tfif;  hypopyon 
i.H  waHliffd  out  or  lift'-d  out  witfi  a  Kpatula,  'ffii.s  opf;ration  permits 
of  inf;ar(:(!ratirjn  of  tlif;  irin,  hut  prolaf^H^f  wddom  occurs  if  thf;  opf;ration 
Ih  fjfirforrnfid  witfi  r^rdinary  caution.  Tfif;  marginH  of  thf;  wound  cK^se 
rapidly.  It  iH  udvi.sabl'*  to  oj^fn  tlif;  wound  onco  every  day  for  a 
ff'w  liourH,  Bandaging  and  the  UHual  medicinal  treatment  Hhould 
follow  tlie  operation. 

Ulcer  in  VarwUj,.  In  patientH  BufTf;ring  from  Krnallpox  the  CA)rri(t'd. 
may  he  the  Kite  of  one  or  more  pu.siuleH.  7'hew;  do  not,  aH  a  rule, 
lead  to  de'Htructifjfi  of  the  eyf;hall,  hut  they  are  followed  by  more 
or  IcHH  opacity  of  the  cornea,  wfjich  greatly  irnpairw  viHion.  In 
France  .35  per  cent, — and  aftf?r  the  introduction  of  vaccination  7 
])cr  (t(-r\t. — of  all  thr;  blinrl  lo.st  their  vinion  from  .'■rmallpox.  In  the 
[■nit<;d  Stat^JH,  where  vaccination  \h  stj  general,  blindne.s.s  due  U) 
nffiallpox  iH  Hcldoni  seen.  If  the  eye«  are  in.spected  daily  during  the 
illne.ss,  anrl  cleansing  by  rneanK  of  mild  anti.s^jptic  w^lution.s  and  bland 
anti.septic  oIIh  or  ointments  ih  employer],  f^^rnething  in  the  way  of 
pn-vention  may  be  accompliKhed.  In  addition  to  the  formation  of 
variolou.s  pustules  the  cornea  may  be  the  sit^-  of  a  df^tructive  kera- 
titis, due  to  infection  from  other  germs,  as  occurs  in  thow;  who  are 
not  infecterl  with  variola.  The  results,  on  acwunt  of  the  depressed 
conrlition  of  the  individual,  may  be  very  ,s^;rious  so  far  as  vision  is 
conarmed, 

AhnrxHH  of  Itie  Cf/rnea.  A  process  termed  annular  aV^scfss  of  the 
cf>mea  Kornetinifts  occurs  after  perforating  wounds  and  after  ofxjra- 
tions  on  the  cornea  which  result  in  inffiction  of  the  corrjea.  In  these 
cases  a  yellowish  annular  ring  forms  in  the  central  portion  of  the 
cornea.  Thr;  centre  of  the  cornea  and  the  zone  next  the  limbus  are 
Iiazy,  but  less  ricnsely  .so.  The  yfillow  ring  extends,  involving  the 
entire  cornea.  The  corneal  ti.ssue  sloughs.  Destruction  of  the  cornea 
in  these  cases  is  complete  in  three  or  four  days.  Destruction  of  the 
eye  is  sure  to  result.    Fuchs  advi.sf^s  enucleation  at  an  early  stage. 

FiHlula  of  lh£  c/rrnea  appears  as  a  small  black  point  at  or  near 
the  centre  of  the  cornea.  If  perforation,  the  result  of  ulceration, 
occurs  in  the  centre  of  the  cornea,  it  may  not  be  covered  by  the  iris, 
and  recovery  mu.'^t  take  place  by  the  development  of  new  connective 
ti.ssiif  fn>m  Ihf  margins  of  thf  ulcer.    Recover}'  under  these  con- 
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(litions  is  slow,  and  it  soniotinies  happens  that  with  closure  of  the 
perforation  the  intra-ocular  tension  is  sufficient  to  rupture  the  delicate 
new-formed  tissue,  and  the  anterior  chamber  is  evacuated  and  a  fistula 
is  formed.  If  the  fistula  remains  open,  the  eyeball  gradually  atrophies 
or  infection  occiu's,  and  panophthalmitis  follows.  The  fistula  may 
close,  and  on  restoration  of  the  intra-ocular  tension  may  again  be 
opened.  This  may  be  repeated  a  number  of  times.  Infection 
usually  occurs  sooner  or  later,  and  loss  of  the  eye  results. 

Treatment.  In  recent  cases  an  attempt  may  be  made  to  secui-e 
closure  by  applying  a  compress  bandage,  and  myotics  may  be  em- 
ployed to  keep  the  intra-ocular  tension  reduced.  If  the  anterior 
chamber  becomes  restored,  an  iridectomy  may  be  performed  for  the 
same  purpose.  Cauterization  of  the  walls  of  the  fistula  is  resorted  to 
sometimes  for  the  production  of  a  firm  scar;  but  it  should  be 
employed  with  care,  to  avoid  wounding  the  lens.  Excision  of  the 
walls  of  the  fistula  may  be  resorted  to,  and  the  opening  may  be 
closed  by  a  suture. 

Filamentous  Keratitis.  This  disease  may  be  classified  as  idio- 
pathic or  traumatic. 

a.  Idiopathic  filamentous  keratitis  is  characterized  by  the  forma- 
tion in  the  corneal  epithelium  of  epithelial  globules,  measuring  usu- 
ally 1  nun.  to  mm.  in  diameter,  which  arc  pushed  above  the  level 
of  the  epithelium,  and  finally  become  pendent  from  the  epithelial 
surface  and  connected  by  small  pedicles  (Nuel,  Hess).  The  globule 
consists  of  epithelial  cells,  of  the  tessellated  variety,  which  are 
undergoing  mucoid  degeneration.  In  the  centre  a  hyaline  body 
usually  is  observed,  resembling  coccidium.  The  pedicle  "consists  of  a 
central  core,  composed  of  epithelial  cells  which  have  become  elon- 
gated until  they  assume  the  appearance  of  fibi'ilhio.  These  are  twisted 
into  a  small  thread.  The  masses  rise  and  fall,  accompanying  the 
movements  of  the  lids.  The  filaments  last  from  three  to  four  days. 
A  fresh  group  of  the  globules  may  appear.  The  number  of  globules 
may  be  but  two  or  three,  or  they  may  be  numerous  anfl  cover  almost 
the  entire  cornea. 

This  disease  is  peculiar  to  advanced  adult  life,  and  is  observed 
more  frequently  in  eyes  that  have  been  the  seat  of  an  inflammatory 
process  affecting  the  anterior  segment.  Similar  globules  may  form 
from  the  floors  of  ulcers  that  are  in  the  process  of  healing. 

b.  Traumatic  filamentous  keratitis  is  probably  due  to  the  adher- 
ence of  partly  detached  threads  of  epithelium  rather  than  to  fila- 
ments derived  from  the  eruption  of  globules  as  above  described. 

Symptoms.  The  development  of  filamentous  keratitis  is  accompanied 
by  symptoms  of  irritation,  slight  injection  of  the  ocular  conjunc- 
tiva, a  sensation  as  of  a  foreign  body  in  the  eye,  and  the  presence  of 
scanty  mucoid  or  mucopurulent  secretion,  portions  of  which  adhere 
to  the  corneal  surface.    Slight  febrile  reaction  sometimes  is  observed. 

Treatment.  Treatment  should  be  constitutional  as  well  as  local. 
Local  treatment  consists  in  keeping  the  cornea  cleansed,  using  mild 
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antiseptic  solutions — solution  of  boric  acid  (3  per  cent.)  or  potas- 
sium permanganate  (0.2  to  1  per  cent.)  may  be  employed.  In  addi- 
tion, much  comfort  is  given  the  patient  if  a  lubricant  in  the  form 
of  borated  (5  per  cent.)  or  bichloride  vaseline  (1:5000)  is  intro- 
duced into  the  eye  three  or  four  times  daily. 

The  systemic  treatment  consists  in  the  employment  of  general 
tonic  remedies.  Under  this  form  of  treatment  we  may  hope  for  a 
subsidence  of  the  affection  in  from  three  to  five  days.  Recurrence 
may  take  place. 

Dendritic  Keratitis  {Furrow  Keratitis ;  Mycotic  Keratitis ;  Kera- 
titis Arhorescens) .  The  term  is  applied  to  a  superficial  form  of 
keratitis  supposed  to  be  due  to  the  presence  of  a  specific  micro- 
organism. The  process  usually  begins  at  the  periphery  of  the  cornea, 
but  may  also  begin  in  the  centre  of  the  cornea.  It  is  characterized 
by  the  appearance  of  a  narrow  grayish  line  of  infiltration  in  the 
corneal  tissue  near  the  surface,  accompanied  by  an  elevation  of  the 
epithelium.  The  epithelium  covering  this  line  of  infiltration  breaks 
down,  and  a  shallow  groove  ("furrow")  is  formed.  Preceding  or 
following  the  destruction  of  the  epithelium,  offshoots  from  the  original 
line  of  infiltration  are  observed.  The  offshoot  frequently  terminates 
in  a  minute  grayish  enlargement  (colony).  These  off'shoots  multiply, 
until  eventually  a  tree-like  ("arborescent")  formation  is  presented. 
The  infiltration  is  not  confined  to  the  grooves  and  lines,  but  advances 
into  the  sm'rounding  tissue  for  a  short  distance  as  the  process  con- 
tinues. The  advance  of  the  process  differs  in  different  cases.  As  a 
rule,  the  advance  of  the  disease  is  relatively  slow,  a  number  of  days, 
perhaps  weeks,  elapsing  before  full  development  is  reached.  The 
superficial  nature  of  the  process  may  be  continued  throughout  its 
course.  Involvement  of  the  deeper  tissues  may  supervene,  and  in 
exceptional  cases  perforation  of  the  cornea  may  take  place.  When 
the  deeper  tissues  are  involved,  it  is  the  result  of  a  mixed  infection 
of  the  cornea. 

Symptoms.  The  symptoms  of  this  affection  are  frequently  very 
distressing:  the  patient  complains  of  a  sen.sation  as  of  a  foreign  body 
in  the  eye;  photophobia  to  a  very  annoying  degree  develops.  Neu- 
ralgic pains,  affecting  the  distribution  of  the  supra-orbital  and  infra- 
orbital branches  of  the  fifth  nerve  are  experienced.  These  S3anptoms 
may  suddenly  cease  and  be  absent  for  a  day  or  two,  and  then  sud- 
denly recur.  The  intensity  of  the  symptoms  depends  directlj^  upon 
the  activity  of  the  process. 

Cause.  A  cause  has  not  as  yet  been  determined.  The  appear- 
ances indicate  the  presence  of  a  micro-organism. 

Desiccation  Keratitis  {Keratitise  Lagophthalmo) .  When  the  cor- 
nea is  exposed  for  any  length  of  time  without  suitable  lubrication, 
the  epithelial  cells  become  dry  and  irregular  and  the  cornea  becomes 
slightly  opaque.  Exposure  leads  to  one  of  two  things:  the  corneal 
tissue  either  takes  on  a  cutaneous  condition,  or  the  corneal  sub- 
stance is  lost,  and  ulcer  occurs.    Keratitis  from  desiccation  occurs 
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in  cases  of  extreme  exophthalmos,  retraction  of  the  levator  palpebne 
superioris,  extreme  ecti'opion,  paralysis  of  the  orbicularis  palpe- 
brarum preventing  closure  of  the  eyes;  in  debilitating  diseases,  as 
typhoid  fever,  smallpox,  and  in  the  later  stages  of  disease  ending 
in  the  death  of  the  patient,  where,  from  inability  to  close  the  eyes, 
the  cornea  is  exposed.  In  all  cases  of  desiccation  keratitis  the  por- 
tion of  cornea  first  affected  is  the  exposed  portion. 

Desiccation  keratitis  is  probably  most  frequently  observed  in 
lagophthalmos.  The  ulcer  may  progress  and  destroy  more  or  less 
of  the  cornea. 

Symptoms.  The  symptoms  are,  as  a  rule,  not  severe.  More  or 
less  pain  referable  to  the  eye  is  complained  of,  and  in  cases  of  in- 
volvement of  the  iris  antl  ciliary  body,  symptoms  peculiar  to  cUsease 
of  these  structures  develop. 

Treatment.  The  treatment  consists  in  provitling  protection  for 
the  exposed  cornea.  This,  in  the  cases  of  lagophthalmos  and  exoph- 
thalmos is  accomplished  by  the  application  of  protective  bandages 
.  and  the  use  of  lubricating  ointments.  In  cases  not  admitting  of  relief 
by  s])ontaneou8  recovery,  tarsorrhaphy  to  an  extent  sufficient  for  the 
protection  of  the  cornea  may  be  performed.  After  cicatricial  ectro- 
pion plastic  operations  for  restoring  the  lids  should  be  resorted  to. 

Kemlomalncia.  Keratomalacia  accompanies  xerosis  epithelialis, 
affecting  infants,  and  occurs  in  the  later  stages  of  exhausting  diseases, 
such  as  typhoid  fever,  scorbutus,  etc.  It  is  characterized  by  a 
grayish  discoloration  of  the  cornea,  increase  in  thickness  of  the 
corneal  tissue,  accompanied  by  softening  and  complete  loss  by 
sloughing.  K(n-atonialacia  is  seldom  seen  in  adults.  The  condition 
belongs  almost  entirely  to  xerosis  afTecting  infants,  as  has  been 
stated  in  the  description  of  xerosis  (see  Conjunctiva),  and  needs  no 
further  reference  here.  A  lethal  result  almost  invariably  takes  place 
in  those  affected. 

Treatment  manifestly  is  of  no  avail. 

Neuroparalytic  Keratilis,  Diseases  of  the  fifth  nerve  occurring 
either  in  the  trunk  of  the  nerve,  in  the  Gasserian  ganglion,  or  at 
the  nucleus  of  th(>  nerve,  produces  insensibility  of  the  cornea,  and 
at  the  same  time  removes  the  source  of  stimulation  for  the  lacrymal 
gland,  causing  a  diminution  in  the  secretion  of  the  gland.  AVith  loss 
of  the  sensibility  of  the  cornea  and  conjunctiva  the  individual  fails 
to  appreciate  the  presence  of  foreign  substances,  and  is  not  made 
aware  of  atmospheric  influences  on  the  surface  of  the  cornea,  which 
undergoes  desiccation.  Winking  is  not  performed  sufficiently  fre- 
quentl}^  to  maintain  the  proper  moisture  of  the  cornea  or  to  remove 
foreign  substances  from  its  surface.  This  condition  leads  to  partial 
loss  of  epithelium  and  permits  of  the  entrance  of  destructive  bactei'ia, 
bringing  about  a  keratitis  which  at  first  is  superficial  and  general, 
but  later  may  develop  into  deep  ulceration  with  loss  of  substance, 
perforation,  and,  in  the  severer  cases,  complete  loss  of  vision.  It  is 
held  by  some  writers  that  this  process  is  not  entirely  due  to  exposure. 
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but  that  trophic  disturbances  occur  consequent  on  the  destruction  of 
the  nerve.  Since,  however,  it  is  not  proved  that  trophic  nerves, 
so-called,  exist,  we  are  not  warranted  in  assuming  that  they  do 
exist,  and  we  must  attribute  the  changes  that  occur  in  the  cornea 
to  insensibiUty  of  the  cornea,  to  exposure,  and  to  the  entrance  of 
noxious  germs. 

Cases  are  cited  by  a  number  of  writers  in  which,  after  protection 
to  the  cornea  has  iDeen  furnished,  the  process  has  not  abated,  but 
has  continued,  and  destruction  of  the  cornea  has  resulted.  These 
observations,  however,  were  made  prior  to  a  perfect  understanding 
of  asepsis,  and  it  is  possible  that  destructive  micro-organisms  were 
present,  and  that  the  continuation  of  the  diseased  process  was  due 
to  them. 

Treatment.  It  is  found  that  protection  of  the  cornea  either  by 
means  of  a  protective  bandage,  tarsorrhaphy,  or  by  the  use  of  oint- 
ments sufficiently  frequently  applied  to  keep  the  cornea  covered, 
will  bring  about  a  restoration  of  the  corneal  tissue,  and  will  prevent 
further  development  of  the  keratitis. 

Non-suppurative  Forms  of  Keratitis. 

Pannus.  This  is  a  form  of  superficial  vascular  keratitis,  and  is 
the  result  of  an  attempt  on  the  part  of  nature  to  protect  the  cornea 
from  irritating  influences.  It  is  observed  most  frequently  in  tra- 
choma, and  occurs  in  that  stage  of  trachoma  in  which  the  elevations 
on  the  surface  of  the  conjimctiva  are  hard  and  dense,  and  are  capable 
of  producing  displacement  of  the  epithelium  of  the  cornea  with  which 
they  come  in  contact.  The  vascularity  may  affect  the  whole  or  a  part, 
usually  the  upper  portion,  of  the  cornea.  In  cases  of  trachoma  in 
which  the  lower  lid  is  but  slightly  involved,  the  pannus  of  the  cornea 
may  be  limited  exclusively  to  the  upper  half.  It  sometimes  occurs 
that  the  irritation  of  the  corneal  tissue  affects  only  the  lower  half 
of  the  cornea,  in  which  case  the  pannus  is  limited  to  this  part.  Vas- 
cular pannus  may  be  extremely  slight  {pannus  tenuis),  or  the  vas- 
cularity may  be  very  pronounced  (pannus  vascularis) ;  it  may  be  so 
intense  that  the  cornea  is  converted  into  a  condition  resembling  a 
fleshy  mass  {pannus  crassus  or  carnosus).  The  vascularity  remains 
as  long  as  the  irritation  is  present,  and  then  graduaUy  subsides, 
often  leaving  but  few  traces.  In  severe  cases  complete  opacification 
of  the  cornea  may  result.  In  the  later  stages,  when  few  bloodvessels 
are  present,  the  condition  is  known  as  pannus  siccus. 

Pathology.  The  bloodvessels  in  pannus,  in  the  earlier  stages  and 
lighter  forms,  are  found  immediately  beneath  the  epithelial  layer. 
They  lie  in  a  scant  stroma  of  new-formed  connective  tissue  or  forma- 
tive cells,  and  are  accompanied  by  a  more  or  less  plentiful  small-cell 
infiltration.  In  pannus  tenuis  Bowman's  membrane  remains  almost, 
if  not  quite,  intact.  In  the  severer  forms  of  pannus  the  superficial 
lamellae  of  the  substantia  propria  are  involved  and  Bowman's  mem- 
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bmne  is  greatly  changed,  losing  its  character  entirely.  It  is  never 
restored. 

Treatment.    This  consists  in  removing  the  cause. 

Herpes  Cornese.    This  disease,  which  resembles  eczema  corner  in 

some  respects,  is  to  be  differentiated  from  it.  It  occm-s  as  an  accom 
paninient  of  herpes  febrilis  most  frequently,  but  also  accompanies 
herpes  frontalis.  It  is  characterized  by  the  appearance  in  the  cornea 
of  two  or  more  vesicles,  which  at  first  are  transparent  but  soon 
become  cloudy  and  of  a  yellowish  color.  The  epithelium  then  gives 
way,  and  there  is  a  superficial  ulcer  with  shreds  of  epithelium  hanging 
from  it.  The  floor  of  the  ulcer  is  anesthetic,  but  the  surrounding 
cornea  is  not.  The  appearance  of  the  vesicles  is  preceded  by  sharp 
pricking  pain,  by  lacrymation,  and,  at  times,  by  mucopurulent 
secretion.  The  gray  infiltration  at  the  base  of  the  vesicle  may  not 
extend,  but  fine  lines  of  infiltration  extending  into  the  surrounding 
cornea  may  be  present.    Crops  of  vesicles  are  apt  to  occur. 

This  form  of  keratitis  attacks  adults  of  middle  life  most  frequently. 
Younger  individuals  may  be  attacked.  Accompanying  herpes  of  the 
cornea  there  may  be  herpetic  vesicles  on  the  lips,  nose,  face,  and 
eyelids. 

Horner,  who  described  this  affection  in  1871,  observed  it  following 
pertussis,  intermittent  and  typhus  fever.  According  to  Haab,  the 
outer  layers  of  the  cornea,  Bowman's  membrane',  and  the  epithelial 
layer  may  be  elevated  by  the  process.  In  cases  that  are  suitably 
treated,  recovery  occurs  as  a  rule  in  a  week  or  ten  days.  In  neglected 
cases  secondary  infection  may  occur,  accompanied  by  more  or  less 
destruction  of  the  cornea,  hypopyon,  and  iritis. 

Treatment  should  be  local  and  constitutional.  Cleansing  the  eye 
with  a  3  per  cent,  solution  of  boric  acid  three  or  four  times  daily, 
and  the  introduction  of  bichloride  vaseline  (1:5000)  after  each  bath- 
ing, will  be  sufficient. 

Constitutional  treatment  should  be  directed  to  improvement  of 
the  general  system. 

Keratitis  punctata  superficialis  begins  with  symptoms  of  acute 
conjunctivitis;  it  is  related  to  herpes  febrilis  cornea;,  but  does  not 
form  vesicles.  Small  gray  spots  form  in  the  superficial  layer  of  the 
cornea,  occupying  the  central  portion;  these  may  be  very  numerous, 
or  may  be  limited  to  six  or  eight.  The  corneal  surface  is  rendered 
uneven  by  the  elevation  of  the  epithelium  lying  over  the  spots  of 
infiltration. 

Bullous  Keratitis.  This  condition  consists  in  the  formation  of  a 
large  vesicle  or  vesicles. on  the  cornea,  usually  occupying  the  lower 
portion  of  the  cornea.  It  occurs  in  eyes  that  are  affected  by  a 
chronic  iridocyclitis,  after  superficial  traumatism,  and  in  those  which 
are  subject  to  increase  of  tension.  The  presence  of  the  bleb  or 
bulla  is  accompanied  by-symptoms  of  irritation.  There  are  excessive 
lacrymation,  photophobia,  and  mucopurulent  secretion.  The  affec- 
tion is  peculiar  to  adult  life. 
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Duration.  The  bleb  usually  persists  for  a  few  days,  then  ruptures, 
the  threads  of  epithelium  hanging  from  the  margins;  the  denuded 
surface  is  rapidly  recovered  by  epithelium.  In  some  cases  the  bleb 
opens  spontaneously  at  the  superior  part  and  the  bleb  wall  becomes 
reattached  to  the  cornea.  Recurrences  are  frequent,  the  recurrence 
taking  place  in  some  cases  within  a  few  days,  and  in  some  cases 
months  or  years  afterward. 

Pathology.  The  outer  wall  of  the  bleb  consists  of  the  entire  epi- 
thelial layer  of  the  cornea,  which  has  become  raised  by  the  transu- 
dation of  fluid  through  Bowman's  membrane.  Brugger'  beheves 
that  the  first  step  is  an  infiltration  of  the  substantia  propria  of  the 
cornea  with  fluid  which  could  not  escape  by  the  limbus;  new  tissue- 
elements  form  beneath  the  epithehum  of  Bowman's  membrane,  and 
the  epithelial  layer  eventually  becomes  detached  and  is  pushed 
forward. 

Treatment.  It  is  sometimes  sufficient  to  puncture  the  vesicle  and 
apply  a  compress  bandage.  It  becomes  necessary  in  some  cases  to 
remove  the  anterior  wall  of  the  vesicle,  and  to  treat  the  denuded 
surface  by  an  appHcation  of  a  solution  of  nitrate  of  silver  0.5  per 
cent,  to  1  per  cent.,  or  by  superficial  cauterization.  In  some  cases 
removal  of  the  superficial  parts  of  the  cornea  has  been  resorted  to. 
It  is,  of  course,  desirable  to  cure  the  condition  which  makes  the 
formation  of  the  bleb  possible.  The  ultimate  result  in  the  vast 
majority  of  cases  is  favorable  for  retention  of  the  eye  and  the  pre- 
servation of  some  degree  of  vision.  In  rare  cases  removal  of  the 
globe  becomes  necessary. 

Parenchymatous  Keratitis  (Interstitial  Keratitis;  Diffuse  Kera- 
titis).   Parenchymatous  keratitis  may  develop  from  the  periphery 
of  the  cornea  or  first  manifest  itself  by  the  appearance  of  opacities 
on  or  near  the  centre  of  the  cornea.    When  developing  from  the 
periphery,  its  free  border  is  irregular  and  is  usually  less  dense  than 
at  the  margin  of  the  cornea.    If  carefully  examined,  the  infiltration 
will  be  found  to  be  uneven  in  density,  frequently  being  made  up  of 
a  number  of  foci.    Thickening  of  the  conjunctiva  at  the  sclerocorneal 
jimction  accompanies  the  process,  the  limbus  apparently  advancing 
a  short  distance  onto  the  cornea.    The  limbus  here  is  deeply  con- 
gested and  presents  a  bright-red  border.    The  extension  of  the  vessels 
of  the  conjunctiva  onto  the  cornea  is  limited  by  a  sharp  line  of 
demarcation,  and  seldom  exceeds  1  mm.  or  1^  mm.    Soon  vessels 
make  their  appearance  in  the  parenchyma  of  the  cornea  and 
extend  into  the  infiltrated  area.    The  infiltration  advances  toward 
the  centre,  and  may  eventually  involve  the  whole  of  the  cornea. 
The  opacification  may  become  limited,  afi'ecting  only  a  small  portion 
of  the  cornea.    It  seldom  occurs  that  hifiltration  of  the  cornea 
advancing  from  the  margin  involves  the  entire  margin  of  the  cornea 
uniformly.    In  the  majority  of  cases  infiltration  begins  in  the  lower 
nasal  quadrant. 

1  Monat.  f.  Aug.  Heilk.,  1886,  vol.  xxlv.  p.  500. 
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,  The  second  mode  of  onset  is  that  in  which  the  opacity  first  mani- 
fests Itself  m  the  centre  of  the  cornea.  In  these  cases  the  infiltration 
occurs  m  numerous  foci  in  the  centre  of  the  cornea,  gradually  spread- 
ing until  the  greater  part  of  the  cornea  is  involved  (Fie  146  {  Thp 
vessels  of  the  Hnibus  throughout  the  whole  periphery  of  the  cornea 
are  somewhat  injected,  but  the  principal  vascularity  occurs  in  tlie 
deep  tissues  of  the  cornea,  advancing  from  the  periphery.  In  both 
forms  of  onset  the  surface  of  the  cornea  becomes  somewhat  irregular 
due  to  numerous  minute  elevations.  Vision  is  impaired  in  pmpor- 
tion  to  the  density  of  the  infiltration.  The  infiltration  of  tlie  cornea 
advances  rapidly,  in  some  cases  involving  the  entire  corneal  tissue 
in  from  two  to  four  weeks.  In  some  cases  the  advance  is  much  less 
rapid,  the  height  of  the  affection  being  reached  only  after  two  or 
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Section  of  interstitial  keratitis.  (Wbdl.) 

three  months.  In  the  average  case  the  corneal  tissue  recovers  its 
transparency  almost  entirely,  but  on  close  examination  with  bright 
illumination  opaque  tissue  may  be  detected,  and  a  fine  network  of 
lines  representing  the  site  of  the  vessels  may  be  made  out  In  many 
cases  the  tissue  of  the  cornea  does  not  appear  to  have  been  greatly 
affected  by  the  process,  but  in  the  severer  cases  sclerosis  of  the 
tissue  results,  the  cornea  becoming  thinned,  and  its  diameter 
increased  by  stretching  due  to  the  intra-ocular  pressure.  In  some 
cases  only  a  portion  of  the  cornea  becomes  sclerosed  and  ectatic. 

Duration.  In  the  average  case  the  disease  runs  its  course  in  from 
five  to  ten  months— seldom  less  than  five  months  even  in  the  mild 
cases.  In  the  severer  cases  the  clearing  up  of  the  cornea  does  not 
reach  the  maximum  in  less  than  two  or  three  years. 
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Degree  of  Severity.  Parenchymatous  keratitis  may  affect  only  a 
small  portion  of  the  cornea  at  the  periphery.  It  may  occur  in  only 
one  or  two  small  punctate  patches  near  the  centre  of  the  cornea. 
The  opacities  advance  for  a  few  weeks  extremely  slowly,  and  subside, 
leaving  scarcely  a  trace.  Severe  forms  may  cause  complete  opacifica- 
tion of  the  cornea,  reducing  vision  to  perception  of  light.  Parenchy- 
matous keratitis  is  accompanied  not  infrequently  with  involvement 
of  the  sclera  and  of  the  anterior  portion  of  the  vascular  membrane 
of  the  eye — iris,  ciliary  body,  and  choroid. 

Symptoms.  More  or  less  irritation,  increased  lacrymation,  photo- 
phobia in  proportion  to  the  rapidity  of  advancement  of  the  dis- 
ease, pain,  sometimes  extremely  light  in  degree,  sometimes  quite 
severe,  referable  to  the  eye  and  to  the  temple,  are  experienced. 

Cause,  Parenchymatous  keratitis  is  due  in  the  vast  majority  of 
cases  to  syphilis,  either  inherited  or  acquired.  Inherited  syphilis 
is  by  far  the  most  frequent  cause.  Rheumatism  and  gout  are  causes, 
perhaps  in  very  few  cases,  and  indefinite  dyscrasia  may  also  be  said 
to  produce  a  very  small  proportion  of  the  cases.    As  a  result  of 
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Permanent  incisors  of  inherited  syphilis.  Rachitic  teeth. 

inherited  syphilis,  it  may  affect  individuals  between  the  ages  of  five 
and  forty-five  years.  It  occurs  most  frequently  between  the  ages 
of  seven  and  fifteen  years. 

Accompanymg  parenchymatous  keratitis  due  to  inherited  syphilis 
are  certain  peculiarities  in  the  conformation  of  the  face  and  head. 
The  forehead  and  cranium  are  larger  in  proportion  to  the  lower  part 
of  the  face,  evidences  of  hydrocephalus  being  present  in  some  indi- 
viduals. The  skin  of  the  face  has  an  old  or  parchment-like  appear- 
ance ;  the  skm  about  the  mouth  is  wrinkled ;  small  scars  are  observ- 
able at  the  angles  of  the  mouth  and  also  in  the  lips  near  the  angles 
of  the  mouth,  indicating  the  presence  at  some  period  of  life  of  fissures 
of  the  lips.  The  inferior  and  superior  maxillary  bones  are  often 
narrower  than  normal,  the  superior  maxillary  being  acutely  arched. 

Dentition  in  nearly  all  of  these  cases  is  of  a  peculiar  type, 
affecting  principally  the  upper  incisors.  (Fig.  147.)  The  teeth  are 
not  placed  close  together.  They  are  usually  smaller  than  normal, 
are  broader  at  the  base  than  at  the  apex,  are  peg-shaped,  and  present 
a  notching  of  the  free  border.    This  form  of  dentition  was  described 


314 


THE  EYE. 


first  by  Hutchinson  as  accompanying  this  affection,  and  is  known 
us  Hutclunson  teeth.  (Fig.  147.)  It  sliouhl  not  be  confounded 
with  that  m  which  the  enamel  is  defective  at  the  apex  of  the  teeth 
or  in  which  by  a  terraced  appearance  of  the  enamel  different  phases 
in  its  development  are  represented.  Teeth  of  this  character  are 
usually  the  result  of  rickets  and  of  other  forms  of  malnutrition  in 
the  infant.  (Fig.  148.)  Not  mfrequently  the  hearing  in  infants 
with  parenchymatous  keratitis  is  defective,  due  to  involvement  of 
the  auditory  nerve. 

In  parenchymatous  keratitis  the  result  of  acquired  syphilis 
involvement  of  the  cornea  occurs  from  six  months  to  as  many  years 
after  the  appearance  of  the  primary  sore. 

Treatment.  The  treatment  should  be  local  and  constitutional.  In 
parenchymatous  keratitis  due  to  inlierited  syphilis  the  treatment  is  not 
the  same  as  that  employed  in  the  cases  due  to  acquired  syphilis.  In 
the  first  form  the  local  treatment  consists  m  the  use  of  atropine 
for  the  purpose  of  maintaining  dilatation  of  the  pupil;  the  use 
ordinarily,  of  stimulating  applications  to  mduce  vascularization  of 
the  cornea;  and  modification  of  the  light  by  dark  glasses,  suitable 
shatles,  or  by  keeping  the  patient  in  a  dark  room.  In  many  cases 
of  this  disease  stimulation  is  not  necessary  in  the  early  stage,  but 
stimulation,  although  not  necessary  in  many  cases,  is  never  harm- 
ful, and,  in  the  opinion  of  the  writer,  is  desirable  even  in  those  cases 
in  which  the  onset  is  relatively  rapid.  Stinmlation  is  effected  by 
means  of  the  introduction  of  suitable  ointments,  either  ointment  of 
yellow  oxide  of  mercury  (1  to  1.5  per  cent.)  or  mercuric  chloride 
(1:5000),  or  the  instillation  of  stinmlating  drugs,  as  the  wine  of 
opium,  or  by  hot  applications  to  the  eye,  usually  by  means  of  moist 
heat  (hot  bathing),  either  with  salt  water  or  a  hot  solution  of  boric 
acid  three  or  four  times  a  day,  fifteen  to  thirty  minutes  each  time). 
Powders  may  be  dusted  into  the  eye,  the  best  being  calomel.  Calomel, 
when  employed,  should  be  introduced  once  a  day. 

Intoriial  treatment  consists  in  the  general  tonic  treatment,  of  the 
intlividual,  and  the  administration  of  a  mercurial  with,  possibly, 
potassium  iodide.  Mercurials  have  apparently  a  better  effect  than 
the  ioditle  ;  the  niercurial  may  be  administered  satisfactorily  in  the 
form  of  calomel,  0.1  grain  four  times  daily.  Children  bear  medica- 
tion of  this  kind  even  better  than  adults. 

Parenchymatous  keratitis  due  to  acquii-ed  syphilis  ordinarily  does 
not  require  stimulation.  In  other  respects  the  local  treatment  is 
similar  to  that  employed  in  the  inherited  form.  The  constitutional 
treatment  is  the  same  as  that  ordinarily  employed  in  acquired 
syphilis.    It  should  be  rigorously  pushed. 

Sclerosing  Keratitis  (von  Graefe).  This  form  of  keratitis  accom- 
panying scleritis  is,  in  fact,  an  extension  of  the  process  into  the  cornea. 
The  opacity  is  of  a  grayish-white  color  and  involves  the  deeper 
layers  of  the  cornea.  It  advances  slowl)'-,  seldom  reaching  the 
pupillary  area.    The  opacification  of  the  cornea  does  not  extend 
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beyond  the  affection  of  the  sclera  at  the  periphery  of  the  cornea; 
but  if  the  scleritis  entirely  encircles  the  cornea,  the  sclerosis  may 
have  the  same  extent,  and  may  eventually  produce  cloudiness  of 
the  entire  cornea.  The  density  of  the  opacity  is  least  in  the  parts 
farthest  removed  from  the  margin  of  the  cornea;  the  density  may 
vary  in  the  different  parts  of  the  sclerosed  portion.  On  subsi- 
dence of  the  scleritis  the  opacification  of  the  cornea  subsides  to  a 
certain  degree,  the  clearing  up  of  the  opacity  being  most  marked 
in  the  portions  farthest  removed  from  the  margin  of  the  cornea. 
It  seldom  occurs  that  the  opacification  disappears  entirely. 

The  opacity  of  the  margin  may  become  so  slight  that  it  can  be 
detected  only  by  oblique  illumination.  During  these  processes  the 
corneal  tissue  is  at  no  time'  thickened;  as  the  opacification  disap- 
pears the  corneal  tissue  may  become  reduced  in  thickness.  The 
sui'face  of  the  cornea  during  these  processes  usually  remains  smooth ; 
but  in  not  a  few  cases  the  epithelium  at  the  margin  of  the  cornea 
becomes  irregular,  and  some  defects  in  it  may  occur. 

Symptoms.  The  symptoms  are  those  referable  to  the  scleritis,  and 
will  be  described  under  that  heading. 

Treatment.  The  treatment  is  the  same  as  that  employed  in  the 
treatment  of  the  primary  affection — the  scleritis. 

Striated  Opacities  of  the  Cornea.  After  operations  necessitating 
incision  of  the  corneal  tissue,  as  a  result  of  tight  bandaging,  and, 
in  some  cases  accompanying  ulceration  of  the  cornea,  long,  narrow, 
grayish  stripes  are  observed  which  traverse  the  cornea  in  variious 
du-ections.  They  are  apparently  unaccompanied  by  inflammation. 
Following  mcisions  of  the  cornea,  the  stripes  commence  apparently 
at  the  margin  of  the  mcision  and  extend  in  radiating  lines  to  a  con- 
siderable distance  from  the  wound,  sometimes  traversing  the  entire 
cornea.  They  appear  in  from  twenty-four  to  forty-eight  hours  after 
the  incision  is  made,  and  disappear  very  gradually.  Cases  have 
been  recorded  in  which  the  grayish  lines  remained  permanently. 
The  Imear  opacification  may  be  so  slight  as  not  to  interfere  with 
vision  in  any  way,  and  may  be  sufficiently  dense  to  cause  a  decided 
diminution  in  vision.  In  striated  opacity  of  the  cornea  resulting 
from  tight  bandaging,  the  Imes  may  cross  each  other  in  all  directions. 
They  are  usually  most  marked  near  the  centre  of  the  cornea.  In 
striated  opacification  accompanying  corneal  ulcer,  the  strife  racliate 
from  the  margins  of  the  ulcer.  Knies,  Fuchs,  and  others  attribute 
this  form  of  striated  opacification  to  wrinkling  of  Descemet's  mem- 
brane, that  occurrmg  after  uicision  of  the  cornea  bemg  due  to 
relaxation  of  the  tension  on  the  membrane  at  the  point  of  mci- 
sion, that  from  bandage  pressure  to  a  reduction  in  the  tension  of 
the  globe  or  flattening  of  the  cornea.  Becker  and  von  Recklmg- 
hausen  demonstrated  the  fact  that  the  lymph  channels  in  the 
cornea  are  sometimes  distended  and  their  contents  turbid.  These 
lymph  channels  or  tubes  extend  between  the  lamella  of  the  cornea 
in  straight  lines.    It  has  been  thought  that  the  channels  through 
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■  which  tlie  nerve  trunks  pass  become  filled  with  turbitl  fluid  and  form 
striatioiis  in  some  cases. 

Treatment.  There  is  little  to  do  for  this  condition.  Resolution 
takes  place  m  the  majority  of  cases,  and  the  transparency  of  the 
cornea  is  restored. 

Infiltration  of  the  Cornea  Originating  from  the  Posterior  Surface 
In  cases  where  an  exudation,  a  lens  dislocated  into  the  anterior 
chamber,  or  a  cyst  of  the  iris  lies  against  the  cornea,  an  opacity  may 
form  which  may  involve  the  entire  thiclaiess  of  the  cornea.  The 
cornea  appears  to  be  macerated  at  the  point  of  contact,  the  surface 
being  slightly  elevated  above  that  of  the  surromiding  cornea.  Even 
after  removal  of  the  cause  the  opacity  persists,  but  the  swelling 
disappears. 

Deep  Vascular  Keratitis.  This  disease  of  the  cornea  develops 
by  the  advancement  of  minute  vessels  from  the  margin  into  the  deep 
layers  of  the  parenchyma  of  the  cornea.  It  appears  as  a  miiform  pale- 
red  or  salmon-colored  patch  occupying  a  small  portion  of  the  margin 
of  the  cornea;  it  gradually  broadens  and  extends  into  the  corneal 
tissue,  seldom  passing  beyond  the  pupillary  margin,  and  not  involving 
more  than  one-quarter  of  the  circumference  of  the  cornea.  A  very 
narrow  margin  of  infiltration  precedes  the  vascular  patch.  The  patch 
is  (lensest  at  the  margin  of  the  cornea,  gradually  becoming  thinner 
until  it  ceases  abruptly  at  its  free  bonier. 

Symptoms.  The  disease  is  accompanied  by  symptoms  of  irrita- 
tion, slight  disturbances  of  vision,  and  photophobia.  The  ocular  con- 
junctiva is  congested  in  the  vicinity  of  the  vascularization  of  the 
cornea. 

Cause.  Deep  vascularization  of  the  cornea  is  due  to  either  inherited 
or  acquired  syphilis.  It  is  i:»robably  met  with  more  frequently  in 
acquired  than  in  inherited  syphilis. 

Duration.  The  condition  advances  very  slowly,  and  if  not  inter- 
fered with  by  treatment  may  last  from  three  to  six  months.  The 
cornea  again  becomes  transparent  with  the  exception  of  a  very  slight 
cloudiness.    Keratectasia  may  eventually  follow. 

Treatment.  Treatment  should  be  local  and  systemic.  Local  treat- 
n^nt  consists  in  stimulating  the  process  by  bathing  with  hot  solutions 
(solution  of  boric  acid,  3  per  cent.,  being  usually  employed),  the  use 
of  atropine  to  prevent  posterior  synechia  in  case  of  involvement  of  the 
iris,  and  the  frequent  introduction  of  some  ointment,  as  the  yellow 
oxide  of  mercury,  1  per  cent.,  or  the  bichloride,  1:  5000,  into  the  con- 
junctival sac.  The  systemic  treatment  should  be  the  ordinary 
antisyphilitic  treatment,  employed  vigorously  for  the  first  few  weeks, 
and  continued  in  a  moderate  way  for  some  months  subsequently. 

Ribbon  Keratitis  (Trophic  Keratitis;  Bandolet  Keratitis).  This 
is  a  peculiar  form  of  degeneration  of  the  anterior  layers  of  the  cornea. 
It  occurs  in  eyes  that  have  been  lost  through  glaucoma  and  in  eyes 
affected  by  inflammation  of  the  anterior  segment  of  the  globe,  with 
more  or  less  degeneration  of  the  cornea.    The  epithelium  of  that 
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portion  of  the  cornea  corresponding  to  the  opening  of  the  palpebral 
hssLire  becomes  slightly  thickened  and  roughened,  the  cornea  through- 
out this  space  becomes  cloudy,  and  whitish  plaques  resembling 
deposits  of  calcareous  material  appear.  The  process  develops  ex- 
tremely slowly,  and  is  accompanied  by  symptoms  of  irritation  of 
a  very  mild  type.  Vision  is  interfered  with  because  of  the  forma- 
tion of  the  opaque  strip  over  the  pupillary  area. 

Treatment.    Aside  from  the  formation  of  an  artificial  pupil  for 
visual  purposes,  treatment  is  of  no  avail. 

Non-inflammatory  Conditions. 

Arcus  Senilis  Corneae  (Gerontoxon).  This  occurs  as  a  narrow 
grayish-white  band  which  appears  at  the  margin  of  the  cornea.  The 
band  is  separated  from  the  limbus  by  a  narrow  strip  of  perfectly 
clear  cornea;  the  Ime  of  transition  is  sharply  cut;  toward  the  centre 
of  the  cornea  the  gray  band  fades  gradually  into  transparent  cornea. 
This  gray  band  is  due  to  the  presence  of  minute  globules  of  fat, 
hyalme  masses,  and  sometimes  calcareous  granules  in  the  superficial 
layers  of  the  cornea?.  The  change,  which  is  peculiar  to  adults, 
depends  on  senile  partial  atrophy  of  the  vessels  at  the  limbus. 

Treatment  is  not  necessary. 

Ectasise.  The  classification  adopted  by  Fuchs  is  a  very  excellent 
•one.  He  divides  ectasia?  into  those  of  inflammatory  origin,  which 
include  staphyloma  and  keratectasia;  and  those  of  non-inflammatory 
origm,  which  include  keratoconus  and  keratoglobus. 

Staphyloma  may  be  either  partial,  total,  or  multiple.  Staphyloma 
is  a  protuberant  cicatrix,  the  result  of  a  perforating  ulcer  of  the 
■cornea,  with  involvement  of  the  iris.  The  u'is  may  be  simply  mcar- 
cerated,  but  it  is  usually  primarily  prolapsed.  After  a  perforatmg 
ulcer  of  the  cornea  the  cicatrix  that  forms  may  bulge  as  healing 
progresses,  in  which  case  it  is  termed  primary  staphyloma ;  or  the 
■cicatrix  may  be  flat  and  bulge  subsequently,  termed  m  this  case 
.secondary  staphyloma.  The  shape  of  the  staphyloma  is  usually  conical, 
particularly  in  the  partial  staphylomata ;  in  total  staphyloma  it  may 
be  spherical,  often  the  edges  are  abrupt,  and  they  may  even  overhang 
the  cornea.  The  degree  of  the  protrusion  varies  greatly.  In  certain 
staphylomata  cicatricial  bands  develop  across  the  surface,  extending 
in  various  directions,  producing  a  lobulated  condition  known  as 
racemose  staphyloma.  . 

Staphyloma  may  develop  either  because  of  the  protrusion  oi  the 
cicatrix  due  to  the  normal  tension  of  the  globe,  the  tissue  being  too 
weak  to  withstand  the  pressure,  or,  as  is  most  frequently  the  case, 
the  staphyloma  develops  because  of  an  increase  of  mtra-ocular  tension 
—a  condition  of  secondary  glaucoma.  In  cases  where  the  entire 
pupillary  margin  of  the  iris  is  involved  in  the  cicatrix,  the  communi- 
•cation  between  the  anterior  and  posterior  chambers  is  shut  off,  and  an 
increase  in  tension  naturally  follows,  because  of  a  closure  of  the  nat- 
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ural  ways  for  the  escape  of  secretion  from  the  interior  of  the  eve 
Ihe  increase  ni  tension  usually  comes  on  extremely  slowly    In  rar& 
cases  however,  the  increase  in  tension  is  rapid,  and  may  be  attended 
by  inflammatory  symptoms  and  by  pain. 

Consequences.    In  the  early  stages  of  the  formation  of  staphyloma 
vision  IS  interfered  with  in  proportion  to  the  extent  of  opacification 
of  the  cornea  and  the  involvement  of  the  free  margin  of  the  iris 
Unless  secondary  glaucoma  supervenes,  perception  of  light  is  main- 
tained because  of  retention  of  the  integrity  of  the  deeper  tissues 
of  the  globe.    With  increase  in  tension  the  staphyloma  continues  to 
enlarge,  and  the  retina,  choroid,  and  ciliary  body  become  ati-ophic 
In  many  cases  the  transparency  of  the  lens  is  lost,  the  lens  shrinks 
and  in  some  cases  is  transformed  into  a  thin  opaque  disk.    In  large 
staphylomata  the  apex  is  frequently  exposed,  and  becomes  ulcerated 
or  takes  on  a  cutaneous  condition.    Ectropion  of  the  lower  lid  some- 
times results. 

The  anatomical  conditions  present  are  as  follows:  The  iris  always 
lines  the  posterior  surface  of  the  protruding  portion;  superimposed 
on  the  layer  of  iris  is  a  layer  of  cicatricial  tissue,  plus  the  elements 
of  the  cornea  that  have  not  been  ilestroyed  hy  the  ulcerative  process; 
coveiing  this  is  a  layer  of  epithelium.  The  epithelial  layer  is  thickened 
and  irregular.  The  thickness  of  the  cicatrix  varies  in  different  parts. 
At  the  apex  of  the  staphyloma  no  corneal  tissue  is  found,  but  at  the 
sides  corneal  tissue  is  present.  In  total  staphyloma  of  the  spherical 
variety  it  frequently  happens  that  no  corneal  tissue  enters  into  the  for- 
mation of  the  protruding  portion.  The  walls  of  the  staphyloma  may 
be  extremely  thin,  i)erha]3s  one-third  of  the  thickness  of  the  normal 
cornea,  or  they  may  be  thick  and  dense  and  contain  calcareous  deposits. 
Accompanying  the  protrusion  of  the  cicatrix  of  the  cornea  we  may 
also  hav(^  a  general  enlargement  of  the  globe. 

Treatment.    Mucih  may  be  done  to  prevent  the  formation  of  staphy- 
loma in  partial  anterior  syiuK'hia',  following  ulceration  of  the  cornea. 
During  the  process  of  healing  of  perforating  ulcer  of  the  cornea 
a  compress  bandage  should  be  retained  until  a  firm,  flat  cicatrix  is. 
forme(|.    The  eye  shoukl  be  examined  from  time  to  time,  and  if 
there  is  evidence  of  increasetl  tension,  or  evidence  of  bulging  of 
the  cicatrix,  a  broad  iridectomy  should  be  made.    After  a  staphy- 
loma has  formed,  if  it  is  partial  and  the  anterior  chamber  has  not 
become  entirely  obliterated,  excision  of  a  small  crescent-shaped  piece 
of  the  staphyloma  may  be  practised  in  connection  with  the  iridectomy. 
The  eye  niay  then  be  bandaged,  and  the  bandage  retainetl  until  a 
firm  cicatrix  has  formed.    It  may  be  necessary  to  remove  the  lens 
in  some  of  the  cases  treated  in  this  manner.    Ablation  of  the  apex 
of  the  staphyloma  may  be  practised  in  partial  and  in  total  staphy- 
lomata, the  lens  being  removed  at  the  same  time.    The  gap  thus 
produced  may  be  permitted  to  close  mider  a  compress  bandage,  or  it 
may  be  closed  by  sutures.    In  extensive  staphyloma  a  very  excellent 
plan  is  to  close  the  opening  by  means  of  the  conjunctiva,  with  or 
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without  a  primary  closure  with  catgut  sutures.  In  closure  by  means 
of  the  conjunctiva,  the  conjunctiva  is  dissected  away  from  the  globe, 
begimiing  at  the  limbus,  and  then,  by  either  a  continuous  (tobacco 
pouch)  sutm-e  or  by  interrupted  sutures,  may  be  drawn  over  the 
wound  and  the  margins  brought  together. 

In  not  a  few  cases  of  total  staphyloma,  ablation  of  the  staphyloma 
simply,  does  not  suffice.  The  protruding  portion  may  be  excised, 
the  contents  of  the  globe  removed,  and  a  glass  or  metal  ball  inserted. 
Removal  of  the  contents  of  the  globe  (exenteration)  or  enucleation 
must  be  resorted  to  at  times. 

Partial  staphyloma  of  the  cornea  is  self-limited  in  a  large  number 
of  cases.  In  total  staphyloma  the  enlargement  of  the  protrusion 
progresses.  Superficial  ulceration  not  infrequently  occurs,  produchig 
some  injection  of  the  ocular  conjunctiva,  but  seldom  occasioning 
much  pain.  Perforation  at  the  apex  of  the  staphyloma  occurs  spon- 
taneously; following  this  the  opening  closes,  the  staphyloma  becomes 
flattened  to  a  certain  extent,  the  tension  then  gradually  increases, 
bulgmg  becomes  marked,  and  rupture  again  takes  place.  This  may 
be  repeated  a  number  of  times;  infection  followed  by  panophthalmitis 
is  apt  to  occur. 

Keratectasia.  By  this  term  is  meant  a  bulging  of  the  cornea  as 
a  result  of  inflammation  without  perforation  and  without  involve- 
ment of  the  iris.  This  condition  may  follow  ulceration  of  the  cornea, 
and  softening  of  the  cornea  as  with  pannus.  An  opacity  is  always 
present  at  the  apex  of  the  protrusion.  Keratectasia  is  almost  always 
partial. 

This  condition  should  not  be  confounded  with  keratoconus,  kerato- 
globus,  or  keratocele.  Keratocele  is  a  condition  due  to  bulging  of 
Descemet's  membrane,  the  result  of  an  ulcerative  process  that  has 
destroyed  the  anterior  layers  of  the  cornea.  It  presents  as  a  trans- 
parent bead-like  bulging  of  Descemet's  membrane  in  the  centre  of 
a  grayish  area— the  uifiltrated  margins  of  the  ulcer.  Keratectasia 
may  follow  keratocele,  bemg  the  result  of  the  deposition  of  cicatricial 
tissue  over  the  protruding  portion  of  Descemet's  membrane.  Ordi- 
narily keratocele  ruptures,  incarceration  or  prolapse  of  the  iris  fol- 
lows, with  the  subsequent  formation  of  adherent  leucoma. 

Results  of  Keratectasia.  Vision  is  disturbed  not.  only  on  account 
of  the  opacification  of  the  cornea,  but  also  because  of  the  irregularity 
of  the  curvature  of  the  cornea  affecting  the  pupillary  area. 

Treatment.  Keratectasia  may  be  treated  as  partial  staphyloma, 
by  incision  followed  by  a  compress  bandage,  ablation  of  a  crescent- 
shaped  piece  of  the  corneal  tissue,  or  by  superficial  cauterization.  In 
cases  where  the  opacity  occupies  a  large  portion  of  the  pupillary 
area,  iridectomy  for  reduction  in  tension  as  well  as  for  visual  purposes 
may  be  resorted  to. 

Keratoconus  (Conical  Cornea;  Staphyloma  Pellucida).  (Fig.  149.) 
This  condition  resembles  keratectasia;  it,  however,  is  unassociated 
with  inflammation,  and  does  not  present  opacification  of  the  apex 
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until  the  condition  has  reached  an  advanced  stage.  It  is  due  to 
thinning  of  the  cornea  and  loss  of  power  to  withstand  the  intra- 
ocular tension.  It  begins  between  the  ages  of  twelve  to  twentv 
years,  and  affects  females  more  frequently  than  males.  The  condition 
develops  in  those  who  suffer  from  malnutrition,  in  those  debilitated 
by  Illness,  and  occasionally  m  those  who  use  the  eyes  excessivelv  for 
close  work.  ^ 

Symptoms.  Keratoconus  is  not  accompanied  by  pain  in  its  earliest 
stages.  Its  development  is  brought  to  the  notice  of  the  patient  by 
the  effect  on  vision.  With  the  bulging  of  the  cornea  myopia  and  astig- 
matism are  produced.  The  patient  seeks  relief,  and  is  supplied  with 
glasses  which  soon  require  change.  With  advance  in  the  condition 
vision  becomes  much  impaired,  and  because  of  the  conical  shape  of  the 
cornea  relief  cannot  be  obtained  by  glasses,  as  suitable  glasses  cannot 
be  made  to  correct  the  peculiar  curvatures  produced.  The  change 
in  the  shape  advances  in  many  cases  until  the  conical  condition  is 
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Coni(:nl  cornea.  (Dalbymple.) 

very  niarked.  The  apex  of  the  cone  becomes  opaque  and  the  process 
limited.  Spontaneous  perforation  and  resolution  do  not  occur  in 
these  cases. 

Diagnosis.  In  the  very  early  stage  of  keratoconus  diagnosis  is 
not  easy,  but  careful  examination  by  means  of  the  ophthalmometer 
and  by  Placido's  keratoscope  makes  the  diagnosis  possible. 

Treatment.  The  use  of  glasses  in  the  early  stage  is  advisable. 
In  the  later  stage  improvement  in  vision  may  be  obtained  by  the 
use  of  the  stenopoeic  slit;  Raehlman's  hyperbolic  lenses  are  of  service 
in  some  cases.  In  advanced  cases  improvement  in  vision  may  be 
obtained  by  methods  calculated  to  produce  cicatricial  contraction 
of  the  cornea.  This  may  be  brought  about  by  puncture  at  the  apex, 
by  excision  of  a  portion  of  the  tissue  at  the  apex,  or  by  use  of 
the  cautery  applied  to  the  apex  of  the  cone.  Removal  of  a  small 
circular  portion  at  the  apex  of  the  cornea  by  the  trephine  has  also 
been  resorted  to.  Operative  measures  affecting  the  apex  of  the 
cornea  increase  the  opacification,  which  is  in  almost  every  case 
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directly  in  tlie  pupillary  area.    As  a  consequence  it  becomes  neces- 
sary to  make  an  eccentric  pupil  for  visual  purposes. 
Buphthalmos  (Hydrophthalmos;  Keratoglobus ;  Megalo  Cornea). 

This  affection  consists  in  a  uniform  enlargement  of  the  globe.  It 
appears  at  or  shortly  after  birth,  and  is  supposed  to  be  due  to  con- 
genital glaucoma.  The  condition  usually  affects  both  eyes.  It  pro- 
gresses extremely  slowly.  In  buphthalmos  the  diameter  of  the  cornea 
is  increased,  the  curvature  of  the  cornea  is  less  acute,  the  anterior 
chamber  usually  deeper.  The  lens  frequently  becomes  dislocated, 
and  as  the  disease  advances  vision  is  slowly  reduced  and  sometimes 
entirely  lost.  In  some  cases  the  cornea  remains  clear  {keratoglobus 
pellucida);  in  others  it  becomes  cloudy,  the  condition  then  being 
known  as  keratoglobus  turbidus. 

Treatment  is  of  little  avail.  The  general  condition  of  the  patient 
should  be  improved  as  much  as  possible.  Should  the  tension  of  the 
globe  be  uicreased,  pilocarpine  or  eserine  may  be  employed.  At  the 
best  the  prognosis  is  unfavorable. 

Injuries  of  the  Cornea.  Injuries  of  the  cornea  of  all  degrees  of 
severity  occur.  With  abrasion  of  the  cornea  the  patient  suffers 
intense  pain,  at  first  of  a  smarting,  burning  character,  and  a  feeling  as 
of  a  foreign  body  in  the  eye.  Photophobia  is  also  experienced.  The 
intense  disturbance  produced  by  abrasion  of  the  cornea  is  due  to  the 
injury  to  the  sensory  nerve  filaments  that  terminate  in  this  layer. 
The  symptoms  persist  from  twenty-four  to  forty-eight  hours;  as 
the  epithelium  is  regenerated  they  disappear.  In  incised  wounds 
of  the  cornea  the  pain  is  relatively  slight.  Wounds  of  the  cornea 
require  treatment  to  prevent  infection,  consisting  of  careful  cleans- 
ing with  antiseptic  solutions.  Where  the  woimd  is  an  extensive  one 
the  margins  may  be  approximated  by  means  of  suture. 

Foreign  Bodies  in  the  Cornea.  The  prominent  position  of  the 
cornea  exposes  it  to  tlie  contact  of  foreign  bodies  of  all  kinds.  When 
a  foreign  body  strikes  the  cornea,  if  the  sensitiveness  of  the  cornea 
is  normal,  the  eyelids  close  involuntarily,  and  if  the  foreign  body  is 
not  fixed  in  the  corneal  tissue  it  will  descend  into  the  lower  cul-de-sac 
or  become  fixed  on  the  conjunctiva  of  the  upper  lid.  If  the  foreign 
body  remains  attached  to  the  cornea  or  imbedded  in  its  tissues,  a 
scratching  sensation  in  the  lids,  usually  the  upper  lid,  is  experienced, 
and  this  is  repeated  whenever  the  eye  is  opened  or  closed.  The 
foreign  body  may  be  simply  adherent  to  the  epithelial  layer,  it  may 
penetrate  the  epithelium  and  project  from  the  surface,  it  may  become 
totally  imbedded  in  the  cornea,  or  it  may  pierce  the  corneal  tissue 
and  project  into  the  anterior  chamber.  Particles  that  enter  the 
cornea  do  not,  as  a  rule,  produce  discoloration  of  the  corneal  tissue ; 
however,  a  hot  cinder  produces  an  eschar  which,  after  the  cinder  is 
removed,  appears  as  a  circular  ring  of  brown  tissue. 

The  presence  of  a  foreign  body  on  the  cornea  is  accompanied  by 
photophobia,  lacrymation,  and  often  by  pain  that  does  not  entirely 
depart  even  when  the  lids  are  kept  quiet,  and  by  pain  referable  to  the 
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eyeball  and  to  the  correspoilcling  side  of  the  head.  Soon  injection  of 
the  ocular  conjunctiva  develops;  this  injection  may  be  very  mild 
or  it  may  be  marked,  varying  according  to  the  degree  of  irritation 
produced.  If  the  foreign  body  is  permitted  to  remain  in  the  cornea, 
it  may  become  loosened  in  a  few  hours  or  days  and  be  removed  froni 
the  cornea  by  the  mechanical  action  of  the  lids.  It  may  have  carried 
micro-organisms  into  the  tissues  of  the  cornea,  producing  ulcer;  the 
defect  in  the  cornea  may  become  invaded  by  germs  from  the 'con- 
junctiva, which,  gaining  entrance  into  the  tissues  of  the  cornea,  may 
themselves  set  up  a  destructive  inflammation. 

Treatment.  After  instilling  a  drop  (4  to  10  per  cent,  solution)  of 
cocaine  the  removal  of  the  foreign  body  should  be  attempted.  For- 
eign bodies,  if  superficially  imbedded,  may  often  be  removed  by  means 
of  a  small  probang  of  absorbent  cotton  wound  around  the  end  of  an 
applicator.  If  the  foreign  body  is  firmly  imbedded,  it  should  be  lifted 
from  the  corneal  tissue  by  means  of  a  spud  or  sharp-pointed  foreign- 
body  needle.  In  certain  cases  it  is  necessary  to  cut  the  corneal 
tissue  about  the  margin  of  the  foreign  body  to  get  beneath  it  to  lift 
it  out.  In  cases  where  the  foreign  body  has  penetrated  the  cornea 
and  projects  into  the  anterior  chamber,  it  is  at  times  necessary  to 
support  it  from  behind  while  the'  tissues  are  cut  away  sufficiently 
to  enable  the  surgeon  to  grasp  it  with  a  small  forceps.  After 
renioval  of  the  foreign  body  the  defect  in  the  cornea  occasions  the 
individual  some  annoyance  until  the  epithelium  has  extended  over  the 
affected  area.  During  this  time  the  eye  should  be  cleansed  with  an 
antiseptic  solution  from  time  to  time  (boric  acid,  3  per  cent.) ;  and 
if  infection  is  feared,  more  energetic  antiseptic  measures  should  be 
employed. 

Blood-staining  of  the  cornea  sometimes  follows  injuries  to  the  eye 
which  result  in  hemorrhage  into  the  anterior  and  posterior  chambers. 
The  pigmentation  of  the  cornea  is  due  primarily  to  the  entrance  of 
haemoglobin  in  solution  into  the  corneal  tissue  by  way  of  Fontana  s 
spaces,  the  hixjmoglobin  being  the  result  of  disintegration  of  red 
blood  corpuscles.  It  permeates  the  lymph  canalicular  system  of 
the  cornea,  and  there  undergoes  a  change  into  hajmosiderin,  an 
insoluble  product  which  is  deposited  in  the  corneal  tissue  in  the 
shape  of  minute,  irregular,  octahedral  crystals.  These  crystals 
occupy  not  only  the  spaces  between  the  lamellae,  but  also  the  spaces 
between  the  connective  bundles  and  fibres  of  the  cornea.  The  color 
of  the  cornea  at  an  early  stage  is  olive,  with  a  tendency  to  red.  This 
soon  becomes  a  deep  brown.  The  staining  of  the  cornea  occupies 
the  central  portion,  reaching  almost  to  the  limbus  in  marked  cases. 
At  the  limbus  an  annular  ring  of  transparent  cornea  is  found,  measur- 
ing one-half  to  one  and  one-half  millimetres  in  width.  The  trans- 
parent ring  of  the  cornea  is  due  to  the  removal  of  the  ha?mog]obin 
from  the  corneal  tissue;  also  to  the  fact  that  the  alkalinity  of  the 
cornea  is  maintained  at  the  periphery  through  the  influence  of  blood 
in  the  capillaries  of  the  limbus  conjunctivae,  preventing  the  change 
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into  hemosiderin.  The  staining  of  the  cornea  develops  relatively 
slowly  after  the  first  appearance  is  noticed.  It  may  take  from  one 
to  four  weeks  for  it  to  reach  its  height.  In  some  cases  the  stainmg 
remains  with  little  change  for  months,  but  in  many  absorption  goes 
on  slowly,  and  eventually  the  cornea  may  regain  its  transparency. 
Accompanying  this  condition  we  may  have  secondary  glaucoma, 
loss  of  vision,  and  pain,  depending  not  on  the  condition  of  the  cornea, 
but  on  the  condition  of  the  eye  itself. 

Treatment.  There  is  no  treatment  aside  from  stimulation  by 
means  of  moist  heat,  that  is  of  value  in  this  condition.  Frequently 
the  condition  of  the  eye  is  such  that  enucleation  becomes  necessary. 

Burns  of  the  Cornea.  Burns  of  the  cornea  are  not  very  infrequent. 
They  are  due  to  the  entrance  of  molten  metal,  cinders,  steam,  acids, 
alkalies,  burning  gunpowder,  etc. 

Molten  metal  impinging  upon  the  cornea  seldom  does  much  harm. 
The  surface  epithelium  may  be  destroyed.  The  metal  usually  escapes 
from  the  eye  at  once  or  falls  into  the  conjunctival  sac,  where  the 
greater  damage  is  done. 

Glowing  embers  alighting  on  the  cornea  may  become  adherent 
and  destroy  the  corneal  tissue  to  some  depth ;  ordinarily  the  burn  is 
superficial. 

Glowing  cinders  that  fly  into  the  eye  sometimes  become  imbedded 
in  the  cornea,  rendering  necrotic  the  tissue  that  comes  in  direct  con- 
tact with  the  cinder.  Before  recovery  takes  place,  this  necrotic  layer 
of  tissue  must  be  cast  off. 

Steam  enterhig  the  eye  may  destroy  the  epithelial  layer  m  the 
portion  of  cornea  exposed,  usually  a  narrow  strip  lying  in  the  hori- 
zontal meridian  corresponding  to  the  palpebral  fissure.  The  treat- 
ment consists  in  cleansing  the  eye  and  instilling  an  antiseptic  or 
aseptic  oily  preparation  sufficiently  often  to  protect  the  affected 
area,  usually  three  to  four  times  daily.  Olive  oil,  with  5  per  cent, 
of  boric  acid  or  vaseline,  may  be  used. 

Burns  of  the  cornea  from  acid  usually  affect  the  entire  surface  of 
the  cornea,  turning  it  a  grayish  hue,  destroying  the  epithelium,  the 
superficial  layers  of  which  soon  become  detached.  With  burns  of  this 
character  there  are  some  secretion  from  the  conjunctiva,  mcreased 
lacrymation,  and  swelling  of  the  lids,  the  appearance  presented 
indicating  a  grave  lesion.  Except  in  rare  cases,  burns  from  acids 
are  recovered  from  with  little  if  any  loss  of  tissue  or  permanent  in- 
jury to  the  eye.  The  treatment  consists  in  thoroughly  cleansing  the 
eye,  using  weak  alkaline  solutions  (bicarbonate  of  sodium  or  very 
weak  ammonia),  and,  as  in  burns  due  to  thermal  agencies,  the  instil- 
lation of  an  oily  substance. 

Burns  of  the  cornea  due  to  an  alkali  are  most  frequently  occa- 
sioned by  the  entrance  of  quicklime  into  the  eye.  The  fine 
particles  of  lime  become  imbedded  in  the  corneal  tissue,  and  the 
escharotic  action  is  continued  for  some  time.  When  first  seen, 
the  affected  area  presents  a  grayish  discoloration,  frequently  not 
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very  dense.  The  appearance  of  the  cornea  after  combustion  from 
lime,  as  first  presented,  usually  induces  a  more  favorable  prognosis 
than  is  warrantable.  The  opacification  in  almost  all  cases  increases 
in  intensity  as  the  healing  process  advances.  Ti'eatment  in  these 
cases  is  to  free  the  cornea  as  rapidly  as  possible  from  particles  of  lime 
by  washing  with  olive  oil,  which  is  probably  the  most  suitable  for 
this  purpose.  After  the  particles  of  lime  have  been  removed,  the  eye 
should  be  filled  with  syrup  of  cane-sugar,  as  sugar  forms  an  insoluble 
compound  with  lime,  preventing  extension  of  the  destructive  process. 
The  subsequent  treatment  of  burns  from  lime  is  like  that  of  burns 
with  acids  and  thermal  agencies. 

Tumors  of  the  Cornea.  Tumors  of  the  cornea  originating  in  the 
cornea  are  extremely  rare.  Cysts  sometimes  develop,  but  they  are 
the  result  of  inflammatory  processes,  are  usually  extremely  small,  and 
seldom  require  treatment.  Tmnors  of  the  cornea  usually  extend 
onto  the  conjunctiva;  they  are  dermoid,  papilloma,  fibroma,  epithe- 
lioma, and  sarcoma.  These  have  all  been  treated  of  in  the  chapter 
on  diseases  of  the  conjunctiva,  and  need  no  further  mention. 


SCLERA. 

The  sclera,  together  with  the  cornea,  forms  the  fibrous  coat  of 
the  eye.  It  is  the  segment  of  a  s]3here,  the  radius  of  curvature  of 
which  is  about  12  mm.  At  its  junction  with  the  cornea  a  depression 
is  found,  which  is  known  as  the  sulcus  sclera?.  The  sclera  is  thickest 
at  its  posterior  part,  where  it  measures  about  1  mm.  in  thickness; 
thimiest  near  the  equator,  becoming  slightly  increased  in  thickness 
in  its  anterior  portion,  where  it  receives  the  insertion  of  the  recti 
muscles.  The  antei-ior  portion  of  the  sclera  is  pierced  by  a  number 
of  minute  openings  through  which  pass  the  anterior  ciliary  arteries  and 
veins.  Some  small  nerve  twigs  also  pass  through  the  sclera  a  short 
distance  back  from  the  corneal  margin.  At  the  equator  of  the 
globe  the  sclera  is  pierced  by  four,  sometimes  five,  relatively  large 
openings,  which  give  passage  to  the  large  vense  vorticosre.  Pos- 
teriorly a  number  of  openings  are  found  which  give  passage  to  the 
short  ciliary  arteries  and  ciliary  nerves,  and  a  large  opening  to  permit 
the  passage  of  the  optic  nerve  fibres.  This  opening,  which  measures 
about  1.5  mm.  in  diameter,  is  traversed  by  connective-tissue  bundles, 
which  are  continuous  with  the  sclera  proper,  forming  what  is  loiown 
as  the  cribriform  plate.  The  sclera  is  made  up  of  connective-tissue 
fibres,  which  are  not  disposed  m  regular  lamellre  as  are  those  of  the 
cornea,  and  which  run  in  various  directions.  Between  these  bundles 
of  connective-tissue  fibres  spaces  are  found  resembling  the  lacunsp 
of  the  cornea.  In  the  sclera  about  the  optic  nerve  entrance  and 
in  its  anterior  portion  branching  pigment  cells  are  found.  These 
are  most  plentiful  near  the  inner  surface  of  the  sclera.  In  certain 
individuals  the  openings  for  the  passage  of  the  anterior  ciliary  veins 
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are  piginentecl,  giving  the  appearance  of  a  number  of  black  points 
on  the  sclera.  In  certain  individuals,  particularly  those  of  the  colored 
race,  the  pigmentation  of  the  sclera,  anteriorly,  is  very  marked. 

At  its  anterior  margin  the  tissue  of  the  sclera  is  continuous  with 
that  of  the  cornea.  Near  the  anterior  margin  of  the  cornea,  and 
separated  from  its  inner  surface  by  a  thin  layer  of  connective-tissue 
bundles,  is  the  venous  sinus  known  as  Schlemm's  canal.  Externally 
the  sclera  is  covered  by  the  visceral  layer  of  Tenon's  capsule.  Inter- 
nally it  affords  at  its  anterior  part  attachment  for  the  ciliary 
body  by  means  of  the  ligamentum  annularis.  Posteriorly  the  inner 
smiace  of  the  sclera  is  covered  by  the  lamina  fusca  of  the  choroid, 
the  sclera  being  separated  from  the  choroid  proper  by  the  supra- 
choroidal  lymph  space.  But  few  bloodvessels  are  found  in  the  sub- 
stance of  the  sclera.  The  episcleral  tissue,  however,  is  richly  supplied 
with  bloodvessels,  particularly  in  its  anterior  portion.  The  nerve 
supply  of  the  sclera  is  extremely  scanty.  Posteriorly  the  tissue  of 
the  sclera  is  continuous  with  the  sheath  of  the  optic  nerve. 

Scleritis.  Inflammations  of  the  sclera  are  of  relatively  rare  occur- 
rence, and  may  be  divided  clinically  into  two  forms:  episcleritis, 
(a)  fugacious  and  (6)  persistent,  and  deep  scleritis. 

Fugacious  Episcleritis.  A  transient  inflammation  of  the  epi- 
scleral tissue  sometimes  occurs,  the  attack  being  characterized  by 
the  appearance  of  an  injected  area  with  slight  elevation  of  the  con- 
junctiva, the  disease  usually  occupying  from  1/6  to  1/5  of  the  surface 
of  the  sclera  in  -ts  anterior  segment.  The  appearance  of  the  inflamed 
area  is  accompanied  by  symptoms  of  irritation,  manifested  by  an 
increase  of  lacrymation,  perhaps  very  slight  mucoid  secretion, 
slight  pain  in  the  eyeball  radiating  to  the  temple  and  forehead,  and 
photophobia.  The  irritation  is  increased  by  use  of  the  eyes  for  near 
work.  This  inflammation  of  the  episcleral  tissue  reaches  its  height 
in  from  three  to  four  days,  and  then  gradually  subsides,  every  trace 
disappearing  at  the  end  of  a  week  or  ten  days. 

The  affection  is  met  with  in  individuals  at  the  age  of  puberty 
and  in  early  adult  life,  and  is  prone  to  recur  when  the  system  is  in 
a  run-down  condition. 

Cause.  Episcleritis  of  this  nature  is  met  with  most  frequently 
in  those  who  present  a  rheumatic  or  uric-acid  diathesis.  Undue  use 
of  the  eyes,  eyestrain  consequent  on  imperfectly  corrected  errors 
of  refraction  and  imbalance  of  the  ocular  muscles,  exposure  to  inclem- 
ent weather,  use  of  the  eyes  in  a  bright  light,  disturbance  of  diges- 
tion, all  may  contribute  to  bring  on  an  attack. 

Treatment.  Treatment  consists  in  correcting  any  error  of  refraction 
that  may  exist,  in  correcting  the  condition  of  the  system  which 
predisposes  to  attacks,  and  in  protecting  the  eyes  from  the  influence 
of  bright  light  when  this  is  a  factor  in  the  production  of  the  dis- 
turbance. 

Episcleritis  is  characterized  by  inflamed  nodules  which  occur  near 
the  margin  of  the  cornea.    The  area  of  inflammation  is  often  single. 
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The  tissue  at  the  points  affected  is  sUghtly  raised,  and  is  of  a  deen 
red  or  purplish  hue.  The  bloodvessels  of  the  conjunctiva  overlying 
the  inflamed  area  are  enlarged  and  injected.  The  iuflaniination 
atlvances  slowly,  and  is  attended  by  symptoms  of  irritation  tliat  arc 
much  more  severe  in  some  cases  than  in  others,  and  rather  deeij 
neuralgic  pain  with  photophobia  is  also  experienced.  Both  eyes 
usually  are  attacked,  and  fresh  areas  may  be  involved  before  subsi- 
dence of  the  process  in  the  part  first  affected. 

Duration.  The  affection  persists  from  four  to  eight  weeks  but 
may  continue  for  a  longer  period.  Recurrences  are  the  rule,'  and 
another  attack  may  occur  inunediately  after  the  subsidence  of  one 
attack,  or  may  not  occur  mitil  years  have  elapsed. 

As  a  result  of  the  inflammatory  process,  there  is  usually  a  slight 
bluish-colored  patch  in  the  sclera,  but  recovery  may  take  place  with- 
out leaving  a  trace.  This  disease  usually  attacks  adults,  but  may 
occur  at  the  period  of  adolescence. 

Cause.  Rhemnatism  and  gout  are  common  causes.  In  some 
cases  the  cause  is  obscure.  It  is  probable,  however,  that  digestive 
disturbances  are  accountable  for  the  greater  number  of  cases. 

Prognosis.  The  prognosis  is  favorable,  as  a  rule.  In  rare  cases 
ectasia  and  inflammation  of  the  deeper  structures  may  result. 
^  Treatment.  Reuss  advocates  the  use  of  the  constant  current. 
Scarification  has  been  advised  in -cases  where  pain  is  severe,  and 
ointments  of  various  kinds  are  indicated.  The  process  is  most 
favorably  influenced  by  internal  medication,  consisting  of  the  sali- 
cylates, iodide  of  potassium,  and  the  mercurials  in  small  continued 
doses. 

The  deep  form  of  scleritis  cannot  readily  be  distinguished  in  its 
onset  from  the  superficial  form,  except  in  degree  of  severity.  Pain 
accompanying  deep  scleritis  is  usually  more  severe.  The  affected 
area  is  of  a  deep-purple  hue.  The  elevation  is  somewhat  more  pro- 
nounced. The  affected  area  is  larger,  and  may  extend  around  the 
entire  cornea. 

Accompanying  deep  scleritis  we  frequently  have  inflammation 
of  the  cornea  in  the  vicinity  of  the  alTected  area,  and  the  deeper 
structure  of  the  eye— iris,  ciliary  body,  and  anterior  portions  of 
the  choroid— also  are  afi'ected.  The  process  attacks  both  eyes  and 
progresses  extremely  slowly. 

The  change  that  takes  place  leads  to  attenuation  of  the  tissue  of 
the  sclera,  reduces  it  in  thickness,  and  lessens  its  power  of  resistance, 
so  that  it  cannot  withstand  the  normal  intra-ocular  pressure,  and 
becomes  ectatic.  The  bulging  of  the  sclera  is  usually  irregular;  it 
seldom  extends  around  the  entire  cornea,  but  in  the  few  cases  in 
which  this  does  occur  the  entire  cornea  is  pushed  forward.  The 
ectasia  usually  occurs  after  subsidence  of  the  inflammation.  When 
the  scleritis  subsides  the  affected  area  presents  a  dark-blue  appear- 
ance on  account  of  thinning,  which  permits  the  pigment  of  the 
uveal  tract  to  show  through.    Accompanying  the  formation  of 
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these  stapliylomatous  protrusions  disorganization  of  the  niterior  of 
the  globe  is  observed.    Vision  is  ordinarily  very  much  impaired. 

Sclero-kerato-iritis  (Scrofulous  Scleritis;  Anterior  Uveitis).  This 
condition  is  one  closely  allied  to  deep  scleritis,  but  differs  from  it 
in  that  the  whole  anterior  segment  of  the  globe  is  affected.  The 
inflammatory  process  usually  begins  at  or  near  the  sclerocorneal 
junction,  and  progresses  as  a  deep  scleritis  involving  the  cornea  (which 
takes  on  a  condition  of  sclerosis),  the  iris,  the  ciliary  body,  and  the 
anterior  portion  of  the  choroid.    In  addition  to  the  appearances 
and  symptoms  that  accompany  scleritis  and  sclerosing  keratitis, 
symptoms  peculiar  to  involvement  of  the  anterior  portion  of  the 
uveal  tract  are  present.    The  iris  becomes  congested,  loses  its  trans- 
parency, takes  on  a  dusky  hue,  and  is  thickened.    The  aqueous 
humor  becomes  turbid  as  a  result  of  transudation  of  plastic  lymph 
from  the  bloodvessels  of  the  iris  and  ciliary  body.  There  is  pain  refer- 
able generally  to  the  temple  and  forehead.  The  anterior  portion  of  the 
vitreous  body  becomes  filled  with  flocculi  consisting  of  fibrin.  The 
disease  progresses  very  slowly,  both  eyes  being  commonly  affected. 
Individuals  in  early  childhood  and  at  the  age  of  puberty  are  most 
frequently  attacked.    They  are  individuals  with  inherited  syphilis 
and  those  whose  condition  may  be  described  by  the  term  scrofulous. 
As  a  result  of  sclero-kerato-iritis,  sclerosis  of  the  anterior  portion  of 
the  sclera  and  of  the  cornea  occurs,  followed  in  many  cases  by  sclero- 
ectasiiE.    The  ordinary  results  of  severe  iritis  are  also  present.  The 
choroiditis  is  followed  by  atrophic  changes  in  that  membrane.  The 
ciliary  body  becomes  atrophic  and  much  elongated  by  the  stretch- 
ing that  accompanies  the  ectatic  process.    The  cornea  is  thinned 
throughout  the  area  involved  in  the  sclerosis  and  becomes  more  or 
ess  opaque. 

The  effect  on  vision  is  pronounced,  the  diminution  dependmg  on 
the  degree  of  opacity  of  the  cornea  and  the  interference  with  the 
transparency  of  the  media  of  the  eye.  As  a  result  of  this  process 
the  crystalline  lens  not  infrequently  becomes  opaque,  shrunken, 
and  the  site  of  calcareous  deposits.  In  consequence  of  the  changes 
affecting  the  filtration  angle,  increase  in  the  tension  of  the  eyeball 
develops,  secondary  glaucoma  results,  and  total  loss  of  vision  may 
follow.  The  increase  in  tension  may  also  lead  to  spontaneous  rup- 
ture of  the  glope,  the  rupture  occurring  at  some  point  in  the  ectatic 
portion. 

Treatment.  Treatment  directed  to  the  correction  of  any  dyscrasia 
of  the  system  that  may  exist  should  .be  instituted.  If  the  condi- 
tion accompanies  hereditary  syphilis,  antisyphilitic^  remedies  should 
be  employed.  If  a  uric-acid  diathesis  is  present,  it  should  be  cor- 
rected. Local  treatment  consists  in  the  endeavor  to  prevent  the 
formation  of  posterior  synechia".  Hot  bathing  with  a  solution  of 
boric  acid  and  the  introduction  of  a  mercurial  locally  are  of  ser- 
vice. Ointments  of  the  yellow  oxide  and  mercuric  chloride  appear 
to  be  best  suited.    As  a  matter  of  fact,  local  treatment  seems  to 
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have  httle  effect  in  arresting  the  progress  of  this  condition.  In  eyes 
afiectecl  by  this  (Usease  more  or  less  serious  damage  is  wrought 

Scleral  ectasise  (staphyloma  of  the  sclera)  are  classifiecl  as 
anterior,  equatorial,  and  posterior.  Anterior  ectasiie  may  be  single 
or  multiple.  They  may  be  amiular,  extending  entirely  around  the 
periphery  of  the  cornea.  At  the  equator  the  ectasia;  may  present 
the  same  conditions  present  in  the  anterior  segment.  Posterior  ectasia; 
are  usually  single,  and  frequently  include  the  optic  nerve  entrance 
Scleral  ectasia;  present  a  bluish  appearance,  because  of  the  piginenteci 
uvea,  which  shows  through  the  thinned  sclera. 

Cause.  Staphylomata  are  produced  either  because  of  a  reduction 
in  the  power  of  the  sclera  to  withstand  the  normal  intra-ocular 
pressm-e  or  tension,  weakness  of  the  scleral  coat  being  either  inherent 
or  the  result  of  disease;  or  it  is  due  to  an  increase  in  the  intra-ocular 
tension  above  the  normal  and  above  the  power  of  the  sclera  to 
withstand. 

Scleral  ectasite  are  most  frequently  due  to  scleritis.  When  intra- 
ocular pressure  only  is  the  cause,  equatorial  staphyloma  usually 
results.  It  the  weakness  is  structural  and  congenital,  the  staphyloma 
usually  occurs  at  the  posterior  pole.  Staphyloma  not  infrequently 
accoinpanies  neoplasms  of  the  interior  of  the  eye.  In  certain  cases 
ectasia  of  the  sclera  reaches  enormous  dimensions,  as  in  the  case 
of  scleral  cyst  accompanying  microphthalmos. 

Treatment.  After  ectasite  of  the  sclera  have  developed,  treatment 
IS  of  no  avail.  As  a  proph)dactic  measure  in  inflammatory  conditions 
which  have  resulted  in  the  formation  of  posterior  synechia,  iridec- 
tomy may  be  .useful,  and  in  cases  of  glaucoma,  either  primary  or 
secondary,  the  same  procedure  may  prevent  development  of  ectasia 
by  reducing  the  intra-ocular  tension. 

Syphilis  of  the  Sclera.  Syphilitic  involvement  of  the  sclera  is 
seldom  observed.  When  it  tloes  occur,  it  manifests  itself  in  the  form 
of  gumma,  usually  affecting  the  anterior  segment  of  the  sclera.  Cases 
have  been  observed  in  which  the  posterior  portion  of  the  sclera  has 
been  the  seat  of  a  gummatous  mass.  When  gumma  of  the  sclera 
occurs  in  a  visible  portion,  it  presents  itself  first  as  a  small  nodule 
simulating  a  large  phlyctenule.  It  increases  in  size  quite  rapidly,  the 
elevation  becoming  pronounced,  the  base  of  the  elevation  being  deep 
red  in  color,  and  the  congestion  extending  for  some  distance  •  into 
the  surrounding  tissue.  The  apex  of  the  elevation  is  of  a  yellowish 
hue.  The  growth  is  circular  at  its  base.  It  may  reach  a  diameter  of 
1  cm.  to  2  cm.  If  treatment  is  not  instituted,  ulceration  takes  place 
at  the  apex,  due  to  breaking  down  of  the  tissue,  and  destruction  of 
the  eye  may  ensue.  The  tumor  is  rather  firm  in  consistence,  and  is 
elastic.  It  may  be  mistaken  for  sarcoma.  A  microscopical  examina- 
tion of  excised  parts  may  disclose  the  presence  of  cells  which  closely 
resemble  those  of  sarcomatous  tissue.  Sarcoma  of  the  sclera  as  a 
primary  disease  is  extremely  rare,  and  the  presence  of  a  growth  such 
as  has  just  been  described  should  always  awaken  suspicion  of 
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a  syphilitic  origin.  The  history  of  the  case  is  not  always  to  be 
relied  upon  to  substantiate  the  diagnosis.  Gunnna  of  the  sclera  is 
seldom  met  with  in  children,  but  is  an  occasional  manifestation  of 
tertiary  syphilis  in  adults.  The  writer  has  never  seen  a  process  of 
this  kind  occurring  as  a  result  of  inherited  syphilis.  In  these  cases 
the  tissue  of  the  sclera  is  invaded  by  a  small-cell  infiltration.  Fibres 
of  the  sclera  are  pressed  apart,  and  some  disappear  absolutely.  As 
the  process  subsides,  if  scleral  tissue  has  been  destroyed,  it  is  replaced 
by  cicatricial  tissue. 

Treatment.  Under  vigorous  antisyphilitic  treatment  of  the  usual 
kind  gmnma  of  the  sclera  subsides  with  marvellous  rapidity,  and, 
if  the  deeper  tissues  of  the  globe  are  not  involved,  no  trace  of  the 
tumor  is  left. 

Tumors  of  the  sclera  other  than  that  just  mentioned  do  not  occur 
as  primary  growths. 

Injuries  to  the  Sclera.  The  sclera  is  subject  to  injuries  of  various 
kinds:  perforating  womids,  incised  wounds,  lacerating  wounds,  and 
rupture  of  the  sclera.  Perforating  wounds  of  the  sclera,  if  made  with 
sharp  and  non-mfected  instruments,  are  usually  of  little  importance, 
provided  the  perforation  be  small  and  occur  back  of  the  ciliary 
region.  If,  however,  the  wound  is  large,  permitting  prolapse  of  a 
portion  of  the  ciliary  body,  the  effect  on  vision  may  be  disastrous. 
Non-infected  wounds  heal  rapidly.  It  occurs  from  time  to  time  that 
perforating  woimds  of  the  sclera  result  in  total  detachment  of  the 
retma  without  suppm-ation  and  without  inflammatory  reaction  of 
any  appreciable  degree.  A  case  in  point  is  that  of  a  woman  who, 
when  shaking  a  carpet,  felt  a  twinge  in  the  eye,  and  found  that  a 
carpet  tack  had  pierced  the  sclera  about  7  mm.  from  the  sclero- 
corneal  margin.  She  removed  the  tack  by  traction  and  presented 
herself  at  the  hospital  within  twenty-four  hours.  At  that  time  a 
small  opening  could  be  detected  m  the  sclera,  into  which  a  bead  of 
vitreous  projected.  There  was  but  slight  injection  of  the  sclera  and 
conjunctiva,  and  the  opening  in  the  sclera  had  already  become  closed 
by  plastic  lymph.  Examination  with  the  ophthalmoscope  disclosed 
the  point  of  entrance  of  the  tack.  There  was  no  hemorrhage  in  the 
vitreous  and  very  little  blood  surrounded  the  opening.  The  eye  was 
bandaged  and  the  patient  removed  to  her  home.  No  inflammation 
resulted.  In  the  course  of  four  weeks  complete  detachment  of  the 
retina  developed. 

Perforating  wounds  of  the  sclera  may  result  in  infection  of  the 
eyeball  and  loss  of  the  globe  by  panophthalmitis. 

Lacerating  Wounds.  Lacerating  incised  wounds  of  the  sclera,  if 
they  occur  posterior  to  the  ciliary  region  and  are  not  of  great  extent, 
may  be  closed  either  by  a  scleral  or  conjunctival  suture,  and  recovery 
may  occur  with  little  or  no  loss  of  vision.  Clean  incised  wounds  of 
the  sclera,  even  those  which  involve  the  ciliary  region,  may  also 
heal,  if  properly  closed,  without  loss  of  vision.  In  the  latter  form 
of  wound  in  the  sclera  the  prolapse  of  vitreous  and  prolapse  of  the 
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ciliary  body,  if  they  occur,  should  be  excised.  The  wound  may 
then  be  closed  by  scleral  or  conjunctival  suture. 

Lacerating  wounds  affecting  the  ciliary  body  result  in  almost  every 
case  in  loss  of  the  eye.    Removal  of  the  eye,  frequently,  is  not  at 
once  necessary ;  but  as  the  scar  contracts  painful  symptoms  develop 
and,  in  some  cases,  symptoms  of  sympathetic  disturbance  of  the  other 
eye  become  pronounced  and  render  enucleation  necessary. 

All  cases  of  wound  to  the  sclera  should  be  treated  on  strictly  anti- 
septic principles.  Prolapsing  tissue  should  be  excised  if  an  attempt 
IS  to  be  made  to  save  the  globe.  Under  ordinary  circumstances  the 
patient,  whether  suffering  from  a  perforating  wound,  an  incised  or 
ii  lacerating  wound  of  the  globe,  should  be  put  to  bed,  and  compress 
bandages  applied  until  recovery  is  well  advanced. 

Rupture  of  the  Sclera.  Ruptm-e  of  the  sclera  occurs  in  the  majority 
of  cases  within  the  zone  included  in  a  strip  1  cm.  wide  from  the 
margin  of  the  cornea.  A  blow  on  the  eye  from  whatever  source  may 
produce  such  a  rupture.  The  rupture  takes  place  above  most  fre- 
quently. It  occurs  in  the  shape  of  an  irregular  line  extending  from 
near  the  margin  of  the  cornea  diagonally  backward,  and  measures 
in  the  majority  of  cases  about  2  cm.  in  length.  The  ciliary  body 
and  the  anterior  portion  of  the  choroid  are  usually  pushed  into  the 
wound,  and  present  as  a  dark  line  following  the  woimd;  while  the 
crystalline  lens  may  be  forced  out  of  the  eye  and  lie  beneath  the 
conjunctiva.  Subconjunctival  hemorrhage  occurs,  which  extends  to 
some  distance  from  the  wound,  sometimes  extending  beneath  the 
entire  ocular  conjunctiva.  The  anterior  and  vitreous  chambers  are 
more  or  less  filled  with  blood.  Such  wounds  frequently  occur  with- 
out rupture  of  the  conjunctiva. 

Rupture  of  the  sclera  is  not  necessarily  confined  to  the  anterior 
.segment  of  the  gloI)(>.  In  rare  cases  it  occurs  in  the  posterior  segment 
of  the  globe.  It  is  then  manifest  by  a  greater  or  less  degree  of 
exonhthalmos  due  to  the  presence  of  blood  in  the  orbital  tissues. 
'Ca.s„.!;  in  which  the  rupture  is  very  slight  may  result  in  recovery 
without  loss  of  vision  and  without  a  painful  globe,  but  such  are  very 
rare. 

In  the  early  stage  of  rupture  of  the  sclera  in  the  ciliary  region  pain 
may  be  relatively  slight,  and,  to  the  inexperienced,  the  prospects  of  a 
favorable  recovery  may  appear  bright.  However,  eventually  the  con- 
(^litions  above  described  almost  invariably  develop,  and  enucleation 
nmst  be  resorted  to. 

Foreign  Bodies  in  the  Sclera.  Foreign  bodies  in  the  sclera  are 
.seldom  present  without  perforation  and  entrance  into  the  posterior 
chamber  of  the  eye,  the  result  to  the  sclera  being  usually  a  wound 
simply.  When  the  body  has  remained  imbedded  in  the  sclera,  it 
should  be  removed,  its  removal  bemg  effected  by  the  means  ordinarily 
employed  to  remove  foreign  bodies  from  other  tissues  of  the  body. 
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EMBRYOLOGY  OF  THE  EYE;  ANOMALIES,  DISEASES, 
AND  INJURIES  OF  THE  IRIS,  CILIARY  BODY, 
CHOROID,  AND  VITREOUS. 

By  H.  V.  WURDEMANN,  M.D. 

EMBRYOLOGY  OF  THE  EYE. 

General  Development.  The  eye  begins  its  development  as  a  bud- 
ding of  the  mesodermic  and  ectodermic  layers  of  the  embryo,  called  the 
primary  optic  vesicle,  connected  with  the  brain  by  the  optic  pedicle 


Fig.  150. 


Entire  embryo  of  a  frog.   (After  Fick.) 


or  stalk,  which  subsequently  becomes  the  optic  nerve.  (Fig.  150.) 
The  development  of  the  mesodermic  portion  is  so  slow  in  the  majority 
of  embryos  that  the  vesicle  is  not  fully  covered  by  this  structure, 
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and  thus  remains  in  intimate  connection  witli  the  ectoderm,  being 
at  first,  histologically,  very  nmch  like  the  brain  vesicle.  (Plate 
X.,  A.) 

The  primary  optic  vesicle  then  becomes  thicker,  becoming  invagi- 
nated,  forming  the  primary  optic  cup  (Plate  X.,  B) ;  the  ectoderm 
lying  over  the  eyebud  becomes  thickened,  and  at  the  same  time 
sinks  into  the  subjacent  invaginated  optic  vesicle,  forming  a  depres- 
sion known  as  the  lens  pit  or  secondary  optic  cup.  (Plate  X.,  C.) 
The  mesoderm  does  not  cover  this  place,  but  the  ectoderm  thickens, 
ultimately  forming  the  lens.  At  this  time  the  eye  has  somewhat 
the  form  of  a  pair  of  scissors,  the  points  projecting  upward.  (Plate 
X.,  D.)  These  points  soon  coalesce,  covering  the  secondary  cup, 
closing  over  the  lens,  and  developing  the  cornea.    (Plate  X.,  E.) 

As  development  goes  on,  the  invaginations  progress  with  uni- 
form rapidity  mitil  the  lens  sac  reaches  completion,  when  the 
expansion  of  the  inner  wall  of  the  latter  no  longer  keeps  pace  with 
the  pushing  in  of  the  optic  vesicle,  and  thus  forms  a  space,  the  primi- 
tive vitreous  chamber.  (Plate  X.,  F.)  The  portion  of  the  wall  invagi- 
nated by  the  process  of  involution  undergoes  proliferation,  forming  the 
retinal  layer.  The  outer  layer  of  the  optic  vesicle  increases,  but 
becomes  so  attenuatetl  that  by  the  time  the  retinal  layer  comes 
into  contact  with  it,  it  is  so  thin  that  it  forms  ultimately  but  a  single 
layer  of  cells,  the  retinal  epithelium.  (Plate  XL,  A,  F,  G.)  The 
inner  wall  thickens  and  forms  the  essential  nerve  elements  of  the 
retina.  The  lower  portion  of  this  double-layered  vesicle  is  not  com- 
pleted, but  forms  a  hiatus,  the  foetal  ocular  or  choroidal  cleft,  which 
soon  narrows  and  finally  closes,  but,  before  doing  this,  allows  the 
entrance  of  mesodermic  tissue,  which  constitutes  the  primary  vitreous 
stroma.  The  imprisoned  mesodermic  tis.sue  in  the  optic  stalk  is 
represented  later  by  the  central  vessels  of  the  retina  and  the  associated 
connective  tissue  of  the  optic  nerve.  The  optic  stalk  becomes  the 
optic  nerve,  chiasm,  and  tract. 

Lens.  All  of  the  lens,  except  the  capsule,  is  of  ectodermic  origin. 
Early  in  development  the  optic  cup  closes  (Plate  X.,  E),  the  inner  wall 
becoming  thicker  than  the  outer.  The  thickening  progresses,  so  that 
by  the  time  the  lens  sac  has  become  completely  isolated  from  its 
attachment  to  the  surface  ectoderm  its  walls  consist  of  two  or  three 
layers  of  epithelial  cells,  limited  externallj'-  by  a  delicate  membrane, 
the  lens  capsule.  The  obliteration  of  the  cavity  of  the  lens  sac  and 
the  conversion  of  the  organ  into  a  solid  mass  are  effected  by  a  phe- 
nomenal growth  and  elongation  of  the  epithelial  elements  composing 
its  posterior  or  internal  wall,  which  rapidly  increases  in  length, 
becoming  converted  into  the  primitive  lens-fibres.    (Plate  XL,  A.) 

From  the  unusual  demands  made  by  the  young,  rapidly  growing, 
and  non-vascular  lens  on  the  surrounding  tissue  for  nutrition,  a  special 
temporary  structure  develops,  the  timica  vasculosa  lentis  (Fig.  152), 
which  completely  surrounds  the  young  lens  from  the  second  month 
toward  the  end  of  gestation,  at  which  period  it  usually  becomes 
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atrophied  and  disappears;  when  persistent  it  is  called  persisting 
uuDillary  membrane.    (Plate  XIII.,  Fig.  12.) 

^  V  treous.  The  vitreous  body  is  composed  ot  connective-tissue 
elements  formed  from  the  mesoderm.  In  the  process  of  deve  opment 
a  bud  of  mesoderm  is  pushed  into  the  eye  through  the  choroidal  cleft, 
tlS  soon  grows  and  acquires  bloodvessels.  Through  these  vessels 
Teucocytes  ^d  round  and  spindle  cells  are  l^rocluced ,  he  loi^e 
have  amoeboid  movements,  and  the  latter  are  hxed  cells  lliese 
actively  proliferate,  filling  the  space  between  the  ^nm^ivvej^n^  and 
the  retinal  layer  of  the  optic  cup,  forming  the  substance  of  the 

Bloodvessels.  The  bloodvessels  of  the  eye  are  developed  from 
ingrowths  of  mesodermic  tissue.  Coincidental  with  the  growth  of 
th?  primitive  vitreous  an  artery  and  vein  develop  m  the  optic  nerve, 
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Fig.  I51.-Bloodvessels  of  the  embryonic  eye.   Pig  embryo.   Magnified  ly^  diameters.  (After 

^'^FiG^'ls'-The  pupillary  membrane  and  bloodvessels  of  the  iris.  Pig  embryo.  The  arteries 
springing  from  the  circulus  arteriosus  of  the  pupillary  membrane  are  first  visible  in  the  pupil. 
(After  SCHULTZE.) 

which  later  become  the  arteria  centralis  retin£B  and  veins;  an  artery 
develops  in  the  vitreous  (the  hyaloid),  going  to  the  posterior  pole 
of  the  lens.  Then  the  vitreous  becomes  abundantly  supplied  with 
capillaries  (Plate  XL,  A),  which  new  blood  supply  permits  of  increased 
nutrition,  resulting  in  rapid  proliferation  of  the  mesodermic  vitreous 
and  growXh  of  the  lens.  During  the  last  weeks  of  foetal  life  the  blood- 
vessels of  the  vitreous  and  the  lens  disappear,  leaving  a  passage,  the 
hyaloid  canal.  If  the  hyaloid  artery  does  not  fully  atrophy,  vestiges 
may  be  seen  later  in  life  by  the  ophthalmoscope. 

Retina.  The  retina  is  formed  from  the  eye  cup  by  early  differen- 
tiation of  the  outer  and  inner  layers.  By  the  time  the  infolded  por- 
tion of  the  vesicle  has  become  closely  attached  to  the  outer  segment 
it  has  increased  many  times  in  thickness  (Plate  XL,  D,  F,  G);  the 
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latter  thins,  but  early  accumulates  pigment  cells,  first  at  the  anterior 
pole,  which  gradually  extend  to  the  posterior  pole,  ultimately  becom- 
ing the  pigmented  retinal  epithelium.  (Plate  XL,  A.)  The  prolifera- 
tion of  the  inner  layer  results  in  the  formation  of  two  varieties  of 
tissue,  the  nervous  and  the  sustentacular  tissue.  The  nervous  layer 
difterentiates  into  the  nerve  cells,  their  outgrowths,  and  the  enith 
elium.  The  latter  eventually  forms  the  outer  nuclear  layer  and  the 
rods  and  cones,  these  two  constituting  the  vision  cells.  (Fig.  153  ) 
The  sustentacular  tissue  extends  through  the  thickness  of  the 
retina  and  gives  support  to  the  nervous  elements  forming  the  radial 
fibres  of  Miiller.  Besides  this,  there  are  outgrowths  of  true  connective 
tissue  coming  from  the  surrounding  mesoderm,  which  accompany 
the  ramifications  of  the  retinal  arteries;  all  this  portion  forms  the 
pars  optica  retina.  The  anterior  marginal  zone  of  the  optic  cup 
becomes  a  thm,  deeply  pigmented  layer  of  epithelium,  covering  the 
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Development  of  the  retina.  Human  embryo.  3.8  mm.  long.   (After  Falchi.) 

ciliary  body,  pars  ciliaris  retina,  and  the  posterior  surface  of  the 
ins,  pars  iridica  retinaj.  The  anterior  edges  of  the  cup  form  into 
ridges,  becoming  the  ora  serrata. 

Optic  Nerve  and  Tracts.  The  anterior  portion  of  the  optic  stalk 
becomes  the  optic  nerve,  the  middle  portions  of  either  side  unite 
to  form  the  chiasm,  and  the  posterior  portions  become  the  optic  ti'acts. 
At  first  the  optic  stalk  is  a  short  tube  between  the  primary  optic 
vesicle  and  the  mid-brain.  (Plate  X.,  A,  B,  C,  D.)  The  invagination 
affecting  the  lower  wall  of  the  optic  vesicle  forming  the  choroidal 
fissure  affects  the  optic  stalk  at  the  ocular  end,  allowing  the  entrance 
of  vascular  mesoderm,  from  which  arise  the  retinal  bloodvessels.  As 
the  lower  wall  of  the  stalk  folds  in,  its  lumen  becomes  obliterated 
by  apposition  of  its  walls  and  thickening  due  to  active  proliferation, 
the  yomig  optic  nerve  becoming  solid,  the  imprisoned  mesoderm 
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producing  the  accompanying  bloodvessels  and  the  connective  tissue 
suiToundnig  them.  The  nerve  fibres  are  developed  from  neuroblasts 
passing  from  the  retina  toward  the  brain  and  others  growing  from 
the  brain  toward  the  retina.  The  sheaths  of  the  optic  nerve  and  the 
septa  are  produced  by  continuation  of  the  mesoderm,  which  forms 
the  cerebral  dura,  arachnoid,  and  pia. 

Uveal  Tract  (Choroid,  Iris,  and  Ciliary  Body).    The  large  amount 
of  vascular  tissue  in  the  iris,  cihary  body,  and  choroid  shows  that 
the  tunica  vasculosa  oculi  or  uveal  tract  has  been  developed  from 
the  mesoderm.    In  the  early  differentiation  of  the  eye  structures 
the  lens  sac  becomes  separated  from  the  overlying  ectoderm  by  a 
tliin  stroma  of  mesodermic  tissue,  wliich  becomes  cleft  in  develop- 
ment (Plate  XL,  D),  one  part  remaining  over  the  outer  surface  of 
*  the  lens,  and  the  other  adhering  to  the  inner  surface  of  the  ectoderm. 
The  former  constitutes  the  pupillary  membrane  and  the  latter  the 
substantia  propria  of  the  cornea,  the  space  between  forming  the 
anterior  chamber.    The  forward  growth  of  the  thin  double-layered 
lip  of  the  optic  cup  beyond  the  edge  of  the  lens  and  over  its  anterior 
surface  forms  the  ciliary  body  and  the  uis;  extending  backward, 
it  forms  the  primitive   choroidal  stroma  wliich  accompanies  the 
retinal  tissue  in  its  growth  forward.    Almost  the  whole  of  the  an- 
terior surface  of  the  lens  becomes  covered,  with  the  exception  of  a 
central  area  corresponding  to  the  pupil,  which  is  closed  first  by  the 
vascular  pupillary  membrane.    (Figs.  151  and  152.)    Further  attenu- 
ation of  the  epithelial  cells  on  the  edge  of  the  lips  of  the  optic  cup 
forms  the  columnar  and  cuboidal  elements  of  the  pars  ciliaris  and 
pars  iridica  retinae.    The  pigmentation  of  the  cells  increases  until 
the  anterior  portion  of  both  layers  forms  the  conspicuous  pigment 
of  the  posterior  surface  of  the  iris  and  the  cihary  body.  About 
the  third  month  of  foetal  hfe  the  epithehal  cells  surrounding  the 
equator  of  the  lens  form  into  a  series  of  radial  folds,  into  which 
delicate  processes  of  mesodermic  tissue  extend,  developing  into  the 
vascular  structures  of  the  ciliary  processes.    The  outer  stroma  of 
the  pars  ciharis  becomes  pigmented,  the  inner  layer  remaining  un- 
colored. 

Cornea  and  Sclera.  With  the  exception  of  the  corneal  epithelium, 
the  lens,  and  the  nervous  tunic  with  its  cerebral  attachments,  all 
of  which  are  derived  from  the  ectoderm,  the  other  parts  of  the  eye- 
ball are  developed  from  the  mesoderm  surrounding  the  primary  optic 
vesicle.  At  the  same  time  that  the  many  changes  hitherto  described 
occiu-  in  the  optic  vesicle  the  surrounding  mesoderm  exhibits  marked 
proliferation  and  condensation,  resulting  in  the  production  of  a  dis- 
tinct envelope  of  embryonic  connective  tissue.  The  posterior  segment 
of  this  mesodermic  capsule  differentiates  late  in  foetal  life  into  an 
outer  dense  tunic,  which  becomes  the  sclerotic  coat;  the  anterior 
portion  becomes  earlier  differentiated  into  the  substantia  propria  of 
the  cornea,  bemg  developed  from  a  homogeneous  mass  which  tills 
the  small  cleft  between  the  anterior  pole  of  the  lens  and  the  ectoderm 
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which  forms  the  corneal  epithelium.  Between  the  anterior  surface 
ol  the  lens  and  this  mass,  mesodermic  cells  go  in  and  form  the  endo- 
thelium of  the  cornea.  (Plate  XL,  F,  G.)  These  cells  throw  out 
projections  piercing  the  mass  and  forming  the  corneal  corpuscles- 
the  posterior  layer  ol  the  homogeneous  mass  remains,  forming  the 
lamina  elastica  posterior,  and  the  anterior  portion  forms  the  lamina 
elastica  anterior.  Precorneal  bloodvessels  develop  later  but  disan- 
pear  before  birth.    (Plate  XI.,  A.) 

Ocular  Appendages  (EyeUds,  Conjunctiva,  Muscles,  Glands  and 
Orbital  Tissues).  The  eyelids  develop  early  as  an  upper  and  a  lower 
fold  of  the  ectoderm,  which  grow  over  the  corneal  surface  until  they 

meet  and  fuse,  this  taking  place  early  in  the 
third  month  of  foetal  life  in  man,  continuing 
until  shortly  before  birth,  when  the  permanent 
separation  is  effected  by  cleavage  along  the  line 
of  juncture.    (Plate  XL,  A.) 

The  hairs,  the  glands,  lymphatics,  tarsal  and 
bulbar  conjunctiva^  and  the  anterior  epithelium 
of  the  cornea,  are  developed  from  the  ectoderm. 
The  lacrymal  passages  appear  early  as  a  fissure 
(about  the  thirtieth  day),  being  developed,  as 
are  the  tear  glands  and  tear  sacs,  by  infoldings 
of  the  ectoderm.  (Fig.  154.)  The  ocular  mus- 
cles, together  with  Tenon's  capsule,  the  connec- 
tive tissue,  and  various  structures  within  the  orbit,  with  the  excep- 
tion of  the  nerves,  are  derived  from  the  mesoderm. 
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Human  embryo  of  thirty 
one  days.  Magnified  5  di 
ameters.   (ARer  His.) 


ANATOMY  AND  PHYSIOLOGY  OF  THE  UVEA. 

If  the  outer  coat  of  the  eyeball,  which  is  composed  of  the  cornea 
and  sclera,  be  removed,  a  grape-like  body  is  exposed,  which  is  the 
uvea  or  mitldle  coat  of  the  eyeball.  The  anterior  portion  is  com- 
posed of  the  iris,  which  is  a  diaphragm  in  front  of  the  lens  with 
a  central  opening  forming  the  pupil;  it  extends  to  the  junction  of 
the  cornea  and  sclera,  where  it  is  continued  as  the  ciliary  body: 
this  being  seen  on  cross-section  is  triangular  in  shape,  and  is  a 
circular  organ  about  2  mm.  wide,  which  is  continued  jDosteriorly  as 
the  choroid  to  the  opening  in  the  sclera  which  admits  the  optic 
nerve.  The  whole  uvea  is  soft  and  friable,  the  choroidal  portion 
being  composed  mainly  of  connective  tissue  and  bloodvessels,  whose 
function  is  to  cover  and  nourish  the  essential  paits  of  the  eye.  The 
anterior  portion  or  iris  is  a  photostat,  and  has,  in  addition,  muscular 
elements;  the  ciliary  body  is  composed  of  nervous,  vascular,  and 
muscular  elements  which  have  to  do  with  secretion,  excretion,  and 
the  function  of  accommodation. 

Iris.  Macroscopic  Anatomy.  The  iris  is  a  membranous  and  mus- 
cular diaphragm  containing  a  central  opening,  the  pupil.    It  extends 
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Diagrammatic  Sections  of  Choroid. 

A.  Microscopic  Section  of  Iris  in  Iritis.  B.  Microscopic  Section  of  Normal  Iris.  C.  Superficial 
Layers  of  the  Flat  Portion  of  a  Ciliary  Process  in  Meridianal  Section.  D.  Meridianal  Section  of 
Portion  of  Ciliary  Process  near  Apex.  E.  Albinotic  Eye  ;  no  Pigment  in  Pigment  Cells.  F.  Te.s- 
sellated  Fundus ;  Pigment  Confined  to  Stroma.  G.  Negroid  Fundus ;  Deeplj-  Pigmented  in 
both  Retinal  Layer  and  Stroma.    A.  Arteries.    V.  Veins.    P.  Perivascular  Lymph  Spaces. 
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from  the  anterior  surface  of  the  ciUary  body  over  the  lens;  its  central 
or  pupillary  border  lies  and  gUdes  upon  the  anterior  capsule  of  the 
lens,  thus  obtaining  a  firm  support.  The  ciliary  border  or  root  of 
the  iris  is  more  posterior,  on  account  of  the  shape  of  the  lens,  and 
thus  the  iris  forms  a  shallow  truncated  cone;  its  ciliary  border  is 
separated  from  the  lens  by  a  space,  the  posterior  chamber.  If  the 
lens  be  absent,  the  iris  loses  its  support,  is  tremulous  (iridonesis), 
and  extends  in  a  plane.  For  normal  appearance  of  the  iris,  see 
Fig.  6. 

Microscopic  Anatomy.  On  section  the  iris  is  seen  to  be  composed 
of  several  distinct  layers  (Plate  XII.,  A):  1.  Anterior  endothelium. 
2.  Anterior  boundary  layer.  3.  Vascular  stroma  layer.  4.  Pos- 
terior limiting  layer.  5.  Pigment  layer,  composed  of  (a)  the  outer 
or  anterior  layer  of  pigmented  spindle  cells,  and  (6)  inner  or  posterior 
layer  of  pigmented  polygonal  cells. 


Fig.  155. 


Posterior  layers  of  the  iris  of  an  albinotlc  human  eye.   Magnified  350  times.   (Alter  Fl'chs.) 

The  stroma  of  the  iris  consists  of  numerous  bloodvessels  enclosed 
in  a  thick  adventitia,  which  run  in  a  radial  direction  from  the  ciliary 
to  the  pupillary  margins,  and  are  surrounded  by  a  loose  meshwork 
of  branched  and  pigmented  cells.  There  is  a  flat  band  of  smooth 
miuscular  fibres  lying  close  to  the  posterior  surface  of  the  iris  and 
near  the  pupillary  margin,  which  composes  the  sphincter  muscle  or 
constrictor  pupillse.  On  the  anterior  surface  is  a  dense  layer  of  cells, 
the  anterior  endothelium,  and  next  to  this  a  homogeneous  layer, 
both  of  which  have  crypts  or  openings  leading  into  the  interior  of 
the  iris  tissue,  thus  placing  its  spaces  in  free  communication  with 
the  cavity  of  the  anterior  chamber  and  allowing  of  rapid  change  in 
volume.  The  posterior  surface  is  covered  by  the  posterior  limiting 
membrane  and  the  pigment  layer.  The  former  contains  very  even 
tense  fibres  extending  in  a  radial  direction  from  the  ciliary  to  the 
pupillary  margin,  and  is  regarded  as  a  dilator  pupilla?;  as  no  mus- 
cular fibres  have  been  demonstrated  here,  its  tissue  probably  acts 
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by  elastic  traction.  The  pigment  layer  covering  the  posterior  surface 
extends  to  the  pupillary  margin,  and  turns  round  to  appear  a  little 
on  the  anterior  surface,  becoming  easily  visible  where  the  lens  is 
cataractous.    (Figs.  6,  155,  and  156.) 

The  color  of  the  iris  is  determined  by  the  amount  of  pigment, 
two  kinds  of  wliich  exist,  the  one  lying  in  the  branched  cells  of  the 
stroma,  and  the  other  filling  up  the  epithelial  cells  of  the  posterior 
pigment  layer,  pars  iridica  retina.  With  the  exception  of  albinotic 
eyes  (Fig.  155),  the  retinal  layer  always  abounds  in  pigment,  while  that 
of  the  stroma  varies,  so  that  when  the  latter  contains  little  pigment 
that  of  the  epithelial  cells  shows  through,  the  thin  iris  appearing  blue. 
If  the  stroma  be  deficient  in  pigment  but  tliick,  the  iris  appears  gray; 
and  if  there  be  a  great  amount  of  pigment  in  the  stroma,  brown,  the 
depth  of  color  varying  with  the  amount.  Isolated  patches  of  pigment 
are  found  in  the  stroma  as  n£evi  or  spots  on  a  brown,  gray,  or  blue 
iris.  The  pigment  may  be  deeper  in  one  part  than  another.  The 
color  of  the  iris  changes  in  the  early  years  of  life,  at  first  the 
stroma  containing  but  little  pigment  and  being  very  thin.  With 
increasing  age  the  stroma  becomes  thicker,  and  if  the  pigmentation 
does  not  increase,  the  iris  becomes  light  blue  or  gray;  if  it  increases, 
the  color  becomes  brown. 

Ciliary  Body.  Macroscopic  Anatomy.  The  ciliary  body  is  the 
middle  segment  of  the  uvea,  extending  from  the  sclerocorneal  junc- 
ture in  front  to  the  ora  serrata  behind.  It  is  a  circular  organ,  but 
when  the  eye  is  bisected  the  region  appears  as  a  triangle,  the  longer 
and  outer  side  lying  next  to  the  sclera,  the  short  anterior  side  against 
the  pectinate  ligament,  and  the  inner  margin  in  apposition  with  the 
pars  ciliaris  retinae.  It  has  three  distinct  subdivisions:  the  ciliary 
ring,  the  processes,  and  the  muscle.  The  muscular  portion  is  larger 
in  hyperopic  than  in  emmetropic  eyes,  and  is  smaller  in  myopic  eyes. 

Microscopic  Anatomy.  Proceeding  from  without  inward,  we  find 
the  ciliary  muscle,  which  consists  of  an  external  portion  containing 
the  longitudinal  or  meridianal  fibres  which  arise  from  the  external 
tunic  of  the  eye  at  the  boundary  between  the  cornea  and  sclera, 
and  run  straight  backward  until  they  are  lost  in  the  external  layers 
of  the  choroid;  the  fibres  here  radiate  and  are  transposed  into  cir- 
cular fibres.  (Fig.  156.)  The  ciliary  processes  (Plate  XII.,  C,  D)  are 
a  connective-tissue  stroma  containing  a  large  number  of  bloodvessels 
and  branched  pigment  cells  placed  upon  the  ciliary  muscle.  The 
layer  next  to  the  \dtreous  is  a  single  stratum  of  non-pigmented 
cylindrical  cells.  Under  this  is  a  layer  of  pigmented  cells,  the  pig- 
mented epithelium;  these  two  form  the  pars  ciliaris  retinae.  Under 
these  is  a  homogeneous  membrane,  the  hyahne  lamella  of  the  cihary 
body. 

The  iris  and  ciliary  body  are  attached  to  the  sclera  a  little  back 
of  the  corneoscleral  margin  by  connective  tissue,  which  is  called  the 
ligamentum  pectinatum.  (Fig.  157.)  Tliis  forms  an  angle  with  the 
iris  and  cornea,  forming  the  sinus  of  the  anterior  chamber,  and  where 
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attached  to  the  sclera  there  is  an  annular  lymph  space  forming  the 
canal  of  Schlemm;  this  portion  includes  the  ciliary  ring. 


FIO.  156. 

f  '■V 


Meridianal  section  through  anterior  part  of  the  eye,  showing  the  ciliary  body  and  iris,  with 
neighboring  structures.  C.  Cornea.  S.  Sclera,  s.  Schlemm's  canal.  L.  Limbus  conjunctivse. 
d.  Anterior  ciliary  vein.  I.  Ligamentum  pectinatum.  cr.  Crypts  In  circulus  minor  iridis.  c.  Per- 
iphery of  iris.  /.  Contraction  furrow,  hvp.  Retinal  pigment  of  iris.  v.  Anterior  layer  of  retinal 
pigment,  p.  Pupillary  margin,  sp.  Cross-section  of  sphincter  pupillse.  M.  Longitudinal  fibres  of 
ciliary  muscle,  Briieke's  portion.  Mti.  Circular  fibres  or  MUller's  portion,  r.  Transition  or  radial 
fibres,  a.  Circulus  arteriosis  iridis  major.  P.  Ciliary  processes,  pe.  Pigment  cellular  layer. 
Pe.  Pigment  epithelium,  pc.  Non-pigmented  layer.  JR.  Retina.  0.  Orbiculus  ciliaris.  o.  Ora 
serrata.  ch.  Choroid,  z.  Fibres  of  zonule  of  Zinn.  Zi.  Free  portion  of  zonula,  i.  Canal  of  Petit. 
L.  Lens.  k.  Nuclei  of  lens.  Magnified  14.  times.   (After  Fuchs.) 

The  anterior  chamber  of  the  eye  is  formed  in  front  by  the  cornea, 
behind  by  the  iris,  in  the  region  of  the  pupil  by  the  anterior  capsule 


Fig.  157. 
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Surface  view  of  the  ligamentum  pectinatum. 


of  the  lens,  and  at  its  margins  by  the  hgamentum  pectinatum,  behind 
which  lie  the  canal  of  Schlemm  and  the  anterior  region  of  the  ciliary 
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body.  The  depth  of  the  anterior  chamber  is  influenced  by  accom- 
modation, being  sliallower  during  the  act  from  protrusion  of  the 
anterior  surface  of  the  lens;  it  is  greatest  in  young  persons  and 
sliahower  in  old  age;  myopic  eyes  have  a  deep  anterior  chamber, 
hyperopic  eyes  a  shallow  one.  Where  the  tension  of  the  eye  is 
increased,  the  anterior  chamber  becomes  shallower. 

The  posterior  chamber  is  an  annular  space  at  the  edge  of  the  lens, 
being  produced  by  the  iris  coming  in  contact  only  at  its  pupillary 
margin  with  the  anterior  capsule  of  the  lens.  It  is  bounded  in  front 
by  the  iris,  to  the  outer  side  by  the  ciliary  body,  its  inner  and  pos- 
terior wall  being  formed  by  the  lens  and  the  zonule  of  Zinn,  the  latter 
approaching  from  the  inner  space  between  the  lens  and  the  ciliary 
body.  The  two  chambers  commmiicate  only  by  means  of  the  pupil, 
and  both  are  filled  with  the  aqueous  humor. 

Choroid.  Macroscopic  Anatomy.  On  opening  the  eyeball  and 
removing  the  vitreous  and  retina,  the  inner  surface  of  the  uvea  is 
exposed ;  the  choroid  extends  from  the  ora  serrata  to  the  optic  nerve, 
appearing  as  a  smooth  brown  membrane.  On  removing  this  from 
the  underlying  sclera,  it  is  found  to  be  attached  more  firmly  at  some 
spots  than  others,  more  particularly  at  the  optic  nerve,  at  the  en- 
trance of  the  ciliary  arteries  and  nerves,  and  at  the  equator  in  the 
region  of  its  large  veins,  the  vensD  vorticosiB.  Thus  the  outer  portion 
ajjpears  to  be  shaggy,  on  account  of  adherent  shreds  of  membrane. 

Microscopic  Anatomy.  The  thickness  of  the  choroid  varies  from 
0.08  mm.  at  the  optic  aperture  to  0.05  mm.  at  the  ora  serrata.  It 
has  five  outer  layers  (Plate XIL,  E,  F,  G),  being  from  without  inward: 
(1)  the  suprachoroid,  which  is  a  richly  pigmented  layer  of  fibrous 
tissue;  (2)  the  lay-er  of  large  vessels,  which  are  mainly  veins,  the 
intervascular  spaces  being  richly  supplied  with  pigment  cells;  (3)  the 
layer  of  medium-sized  vessels,  which  is  but  slightly  pigmented; 
(4)  the  layer  of  capillaries,  which  is  non-pigmented.  These  capil- 
laries have  a  very  wide  bore  and  are  packed  closely  together,  with 
their  interspaces  narrower  than  the  capillaries  themselves;  (5)  the 
lamina  vitrea,  which  is  a  homogeneous  membrane  lining  the  inner 
surface  of  the  choroid.  Upon  tliis  hes  a  single  layer  of  cells  which 
have  been  developed  from  the  retinal  mesoderm,  which  are  deeply 
pigmented  and  belong  to  the  retina,  the  pigmented  epithelium  of 
the  retina. 

The  choroidal  stroma  consists  of  a  ground  substance  of  loosely 
interwoven  connective-tissue  lamella;  containing  bloodvessels,  white 
fibres,  and  elastic  tissue  with  stellate  pigmented  cells. 

Ophthalmoscopic  Appearance  of  the  Choroid.  This  membrane  gives 
the  characteristic  color  to  the  fundus,  and  the  amount  of  pigment 
therein  is  responsible  for  much  of  the  variations  found  in  normal 
and  diseased  conditions.  The  pigment  is  contained:  (1)  in  the 
pigment  epithelium  of  the  retina  (Fig.  158);  (2)  in  the  stroma  of 
the  choroid  (Fig.  159).  If  the  pigment  be  wanting  in  both  of  these 
structures,  we  have  the  albinotic  fundus  (Plate  XIL,  E),  which  is 
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light  red,  the  entire  larger  circulation  of  the  retina  and  choroid  being 
visible;  on  account  of  the  overlying  capillary  vascular  layer  of  the 
choroid  the  intervascular  spaces  between  the  larger  bloodvessels 
show  as  pink.  Where  the  pigment  is  wanting  entirely,  or  there  is  but 
little  in  the  pigmented  epithelial  cells  of  the  retina  (Plate  XII.,  F), 
while  that  of  the  choroidal  stroma  is  more  or  less  normal  in  amount, 
the  tessellated  fundus  is  observed,  in  which  the  intervascular  spaces 
appear  as  dark  plaques.  Where  the  pigment  epithelium  and  the 
stroma  are  heavily  stained  (Plate  XII.,  G)  the  choroidal  circulation 
is  not  visible,  and  the  fundus  is  of  a  dark  hue.  This  type  of  fundus 
exists  in  the  dark  races,  varying  from  a  dark  brown  in  the  China- 
man, Indian,  and  Malay,  to  a  slaty  hue  in  the  negro.  Occasional 
bizarre  effects  are  seen,  as  in  the  fundus  flavus.  The  ophthalmo- 
scopic appearance  of  the  normal  average  fundus  lies  between  these 


Fig.  158.  Fig-  159. 


Fig.  158.— Hexagonal  pigment  cells  of  the  retina. 
Fig.  159.— Pigment  stroma  cells  of  the  choroid. 


extremes.  In  the  blonde  more  of  the  choroidal  circulation  is  observ- 
able than  in  the  brunette,  and  in  the  latter  the  intervascular  spaces 
are  seen  more  distinctly. 

Bloodvessels  of  the  Eye.  The  bloodvessels  of  the  eye  belong  for 
the  most  part  to  the  uvea,  which  is  made  up  for  the  greater  part  of 
vascular  tissue,  and,  hence,  is  very  hable  to  become  inflamed.  Fuchs 
describes  the  ocular  vascular  system  as  follows:  Three  systems  of 
bloodvessels  exist  in  the  eye:  that  of  the  conjimctiva,  that  of  the 
retina,  and  that  of  the  uvea  (ciliary  system  of  vessels).  The  arteries 
of  this  system  are:  1.  The  posterior  ciliary  arteries;  these  arise  from 
the  ophthalmic  artery  and  enter  the  interior  of  the  eye  through  the 
sclera  in  the  region  of  the  posterior  pole.  The  majority  of  them 
pass  at  once  into  the  choroid  (short  posterior  ciliary  arteries) .  (Fig. 
160,  c,  c.)  Two  of  them,  however  (the  long  posterior  ciUary  arteries) 
(Fig.  160,  d),  run,  one  on  the  outer  side,  the  other  on  the  inner  side, 
between  the  choroid  and  sclera  and  as  far  forward  as  the  ciliary 
muscle.    Here  each  divides  into  two  branches,  which  run  in  a  direc- 
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tion  concentric  with  the  margin  of  the  cornea,  and  unite  with  the 
branches  of  the  artery  of  the  opposite  side  to  form  an  arterial  circle, 
the  circulus  arteriosus  iridis  major.  (Fig.  160,  h,  and  Fig.  156,  a.) 
This  gives  off  the  arteries  for  the  iris,  which  extend  radially  from 
its  ciliary  to  its  pupillary  margin.   (Fig.  160,  i.)  Shortly  before  they 


Fig.  160. 


Bloodvessels  of  the  eye ;  scheniiUic.  The  retinal  system  of  vessels  is  derived  from  the  central 
artery  o,  and  the  central  vein  ai,  of  the  optic  nerve,  which  give  oil'  the  retinal  arteries  6,  and  the 
retinal  veins  6i.  These  end  at  the  ora  serrata  Or.  The  system  of  ciliary  vessels  is  fed  by  the  posterior 
short  ciliary  arteries  c  c,  the  posterior  long  ciliary  arteries  d,  and  the  anterior  ciliary  arteries  e. 
From  these  arise  the  vascular  networli  of  the  choroidal  capillaries/,  and  of  the  ciliary  body  g,  and 
the  circulus  arteriosus  iridis  major  h.  From  the  last  spring  the  arteries  of  the  iris  i,  which  at  the 
smaller  (inner)  circumference  of  the  latter  lorm  the  circulus  iridis  minor  k.  The  veins  of  the  iris  tj, 
of  the  ciliary  body  and  of  the  choroid  are  collected  into  the  vense  vorticosee  those  veins,  how- 
ever, that  come  from  the  ciliary  muscle  m,  leave  the  eye  as  anterior  ciliary  veins  Ci.  With  the 
latter,  Schlemm's  canal  n  forms  anastomoses.  The  system  of  conjunctival  vessels  consists  of  the 
posterior  conjunctival  vessels  o  and  o.  These  communicate  with  those  branches  of  the  anterior 
ciliary  vessels  which  run  to  meet  them — that  is,  with  the  anterior  conjunctival  vessels  p— and  form 
with  these  the  marginal  loops  of  the  cornea  9.  0.  Optic  nerve.  S.  Its  sheath.  Sc.  Sclera.  .4.  Cho- 
roid.  N.  Retina.   L.  Lens.   H.  Cornea.   R.  Internal  rectus.  B.  Conjunctiva    (After  Leber,  from 

FUCHS.) 

reach  the  latter  they  form  by  anastomosis  a  second,  smaller  vascular 
circle,  the  circulus  arteriosus  iridis  minor,  or  the  small  circle  of  the 
iris.  (Fig.  160,  k.)  2.  The  anterior  ciliary  arteries  come  from  in 
front,  arising  from  the  arteries  of  the  four  recti  muscles.  (Fig.  160,  e.) 
They  perforate  the  sclera  near  the  margin  of  the  cornea,  and  assist 
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in  forming  the  circulus  arteriosus  iridis  major.  The  short  posterior 
cihary  arteries  are  therefore  designed  mainly  for  the  choroid,  the 
long  posterior  ciliary  arteries  and  the  anterior  ciliary  arteries  for  the 
ciliary  body  and  iris. 

The  arrangement  of  the  veins  is  essentially  different  from  that  ol 
the  arteries.  In  the  choroid  the  capillary  network  of  the  chorio- 
capillaris  (Fig.  160,  /)  is  fed  by  the  arteries.  The  blood  from  this 
fiows  off  through  a  great  number  of  veins  that  unite  to  form  larger 
and  larger  trunks.  A  number  of  these  trunks  simultaneously  con- 
verge to  a  common  centre,  where,  consequently,  a  sort  of  whorl  or 
vortex  is  produced  by  veins  coming  together  from  all  sides.  These 
vortices,  the  number  of  which  amounts  to  four  at  least,  usually 
more,  lie  somewhat  behind  the  equator  of  the  eye;  from  them  are 
given  off  the  vente  vorticosae,  wliich,  perforating  the  sclera  in  a  very 
oblique  direction,  carry  the  blood  to  the  outside.    (Fig.  160,  I.) 

In  the  ciliary  processes  the  arteries  break  up  into  a  greater  number 
of  twigs,  which  pass  over  into  thin-walled  veins.  (Fig.  160,  g.)  These 
constitute  the  greater  part  of  the  ciliary  process,  which,  accord- 
ingly, consists  mainly  of  vessels.  The  larger  veins,  which  are  formed 
by  the  union  of  these  vessels,  and  also  most  of  the  veins  of  the 
ciliary  muscle,  pass  backward  to  the  venae  vorticosse.  The  veins 
that  come  from  the  iris  (Fig.  160,  i,)  likewise  pass  to  the  vena  vor- 
ticose. Hence,  ahnost  all  the  venous  blood  of  the  uvea  empties 
into  the  latter.  A  portion  of  the  veins  coming  from  the  ciliary 
muscle  (Fig.  160,  m),  however,  take  another  course,  as  they  pass  out 
directly  through  the  sclera,  and  thus  come  into  view  beneath  the 
conjunctiva  near  the  margin  of  the  cornea  (anterior  ciliary  veins, 
Fig.  160,  e,).  In  their  course  these  correspond  to  the  anterior  ciliary 
arteries;  they  constitute  principally  the  violet-colored  vessels  which 
are  seen  running  backward  beneath  the  conjunctiva  in  ciliary  injec- 
tion or  in  stasis  within  the  eyeball  (glaucoma).  The  anterior  ciliary 
veins  anastomose  with  the  conjunctival  veins  and  also  with  Schlemm's 
canal.  The  latter  is  a  venous  sinus  running  along  the  sclerocorneal 
junction.    (Fig.  160,  n,  and  Fig.  156,  s.) 

Nerves  of  the  Uvea.  The  nerves  of  the  iris  are  derived  from  the 
ciliary  plexus.  They  are  at  first  medullated  and  quickly  reunite  within 
the  ciliary  zone  to  form  the  iridian  plexus,  which  becomes  denser 
as  it  approaches  the  sphincter.  Three  kinds  of  fibres  arise  from  this 
plexus:  (1)  non-meduUated  fibres  belonging  to  the  sympathetic  pass 
backward  toward  the  dilatator  iridis;  (2)  medullated  fibres,  appar- 
ently sensitive,  pass  to  the  anterior  surface;  (3)  medullated  fibres 
pass  to  the  sphincter  and  give  it  motor  influence.  Certain  vasomotor 
fibres  pass  to  the  coats  of  the  vessels.  There  are  no  ganglion  cells 
in  the  iris.  Its  tactile  sensibility  is  not  great,  and  operations  are 
not  very  painful  if  traction  be  avoided.  Inflammation,  however,  is 
attended  with  great  pain. 

The  ciliary  nerves  supply  the  ciliary  muscle  and  processes.  The 
long  nerves  are  sensitive,  being  derived  from  the  nasal  branch  of 
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the  ophthalmic;  the  latter  are  from  the  ciliary  ganglion,  and  are 
doubtless  of  a  mixed  character.  The  ciliary  nerves  penetrate  the 
sclera  near  the  optic  disk,  running  forward  in  the  suprachoroidal  space, 
enter  the  ciliary  muscle,  and  unite  to  form  the  ciliary  plexus,  which 
contains  a  few  nerve  cells.  Fibres  are  given  off  from  this 'plexus 
which  pass  to  the  cornea,  iris,  and  cihary  muscle.  These  nerves  end 
as  follows:  (1)  vasomotor  endings  in  the  walls  of  the  ciliary  vessels; 
(2)  motor  endings  in  the  ciliary  muscle;  (3)  extremely  fine  reticu- 
lations of  granular  nerve  fibres,  which  probably  minister  to  ordinary 
sensation;  (4)  terminal  arborescences,  which  are  beUeved  to  have 
to  do  with  the  muscular  sense  which  is  particularly  developed  in  the 
ciliary  muscle.  The  sensory  nerves  of  the  ciliary  body  are  abundant, 
and  hence  inflammation  of  this  structure  is  attended  with  pain. 

The  nerves  of  the  choroid  are  derived  from  twigs  given  off  from 
the  long  and  short  ciliary  nerves  as  they  pass  between  the  fibres  and 
vascular  tunics  in  their  course  to  the  ciliary  body.  The  special 
branches  destined  for  the  choroid  form  a  wide-meshed  plexus  of  both 
meduUated  and  non-medullated  fibres  within  the  lamina  supracho- 
roidea.  Ganglion  cells,  isolated  or  in  limited  groups,  are  found  in 
this  plexus  and  also  along  the  vessels;  the  nervous  supply  of  the 
choroid  is  distributed  especially  to  the  muscular  tissue  of  the  blood- 
vessels, and  belongs  to  the  vasomotor  system.  The  choroid  contains 
no  sensory  nerves,  and  inflammation  of  this  membrane  runs  its  course 
without  pain. 

Lymph  Passages.  There  are  no  true  lymph  vessels  in  the  eye, 
except  in  the  conjunctiva;  there  are,  however,  large  lymph  channels 
and  spaces  (Fuchs) : 

1.  Anterior  Lym-ph  Passages.  The  lymph  of  the  anterior  section 
of  the  eye  is  collected  into  two  large  lymph  spaces,  namely,  the 
anterior  and  posterior  chambers,  which  communicate  by  means  of 
the  pupil.  The  outflow  of  lymph  from  these  spaces  takes  place  by 
its  discharge  from  the  posterior  chamber  through  the  pupil  into  the 
anterior  chamber;  thence  it  filters  through  the  meshwork  of  the  liga- 
mentum  pectinatum  into  the  subjacent  Schlemm's  canal  (Fig.  161,  s), 
and  from  there  gets  into  the  anterior  ciliary  veins  (c),  with  which 
Schlemm's  canal  is  in  direct  communication. 

2.  Posterior  Lymph  Passages  These  are  as  follows:  (a)  The  hyaloid 
canal,  or  central  canal  of  the  vitreous  (Fig.  161,  h),  which  extends 
from  the  point  of  entrance  of  the  optic  nerve  forward  as  far  as  the 
posterior  pole  of  the  lens.  During  the  development  of  the  eye  this 
canal  lodges  the  hyaloid  artery,  which  in  the  fully  formed  eye  dis- 
appears, while  the  canal  remains.  It  has  its  outlet  in  the  lymph  spaces 
of  the  optic  nerve,  {b)  The  perichoroidal  space  (Fig.  161,  p)  is  the 
space  between  the  choroid  and  sclera.  It  is  continued  along  the  ves- 
sels which  pass  through  the  sclera,  especially  the  vense  vorticosse 
(Fig.  161,  v),  and  thus  communicates  with  the  anterior  ciliary  veins 
(Fig.  161,  c).  Tenon's  space  (Fig.  161,  t,  t),  which  lies  between  the 
sclera  and  Tenon's  capsule.    The  outflow  of  Ijonph  from  all  these 
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spaces  takes  place  into  the  lymph  passages  which  spread  out  along 
the  optic  nerve.  These  latter  are  (D)  the  intervagnial  space,  which 
is  found  between  the  sheaths  of  the  optic  nerve  (Fig.  161,  i),  and 
(E)  the  supravaginal  space  (Fig.  161,  s),  which  surrounds  the  sheaths 
of  the  optic  nerve. 

By  far  the  greatest  amount  of  lymph  leaves  the  eye  tlirough  the 
anterior  lymph  passages.  These,  therefore,  are  the  more  important. 
Their  impermeability  leads  to  serious  changes  in  the  eye  (glaucoma), 
while  up  to  the  present  time  nothing  certain  is  known  in  regard  to 
disturbances  of  the  function  of  the  posterior  lymph  passages. 

Fig.  161. 


Lymph  passages  of  the  eye:  schematic.  S.  Schlemm's  canal,  c.  Anterior  ciliary  veins,  h.  Hya- 
loid canal,  p.  Perichoroidal  space,  which  communicates  by  means  of  the  yente  vorticofse  v,  with 
Tenon's  space  «,  i.  s.  Supravaginal  space,  i.  Intervaginal  space,  e  e.  Continuation  of  Tenon's  cap- 
sule upon  the  tendons  of  the  ocular  muscles,  lateral  invagination.    (After  Fuchs.) 

Nutrition  of  the  Eye.  The  nourishment  of  the  eye  comes  mainly 
through  the  uveal  vessels;  the  secretion  of  the  fluids  of  the  eye  is 
also  indirectly  effected  by  the  uvea.  The  aqueous  humor  is  the 
only  secretion  of  the  eyeball  proper.  It  is  a  limpid  liquid  containing 
a  small  amount  of  albumin,  secreted  mainly  by  the  ciliary  processes, 
being  poured  first  into  the  posterior  chamber,  thence  passing  through 
the  pupil  into  the  anterior  chamber,  leaving  the  eye  through  Schlemm's 
canal  and  the  ligamentum  pectinatum.    It  is  secreted  and  excreted 
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rapidly  in  healtli,  and  is  restored  quickly  after  evacuation  of  the  ante- 
rior chamber  by  operation,  sooner  in  youth  than  in  old  age.  The 
fluid  that  accumulates  in  the  anterior  chamber  after  evacuation  of 
the  aqueous  contains  more  albumin  than  the  normal  aqueous. 

The  cornea  is  nourished  by  the  marginal  loops  of  bloodvessels  at 
the  limbus,  and  somewhat  by  the  aqueous  humor  which  diffuses  into 
its  tissue.  The  lens  and  the  vitreous  obtain  nourishment  mainly 
from  the  cihary  body  and  the  anterior  section  of  the  choroid;  hence, 
in  diseases  of  these  structures  the  lens  and  vitreous  become  clouded' 
and  may  undergo  degeneration.  The  internal  layers  of  the  retina 
are  nourished  by  the  retinal  vessels,  the  outer  layers  being  dependent 
upon  the  choroid;  the  regeneration  of  the  visual  purple  is  accom- 
plished through  nourishment  from  the  choriocapillaris. 

The  intra-ocular  pressure  is  dependent  upon  the  relation  of  the 
capacity  of  the  ocular  envelopes  to  the  contents.  It  is  discussed 
in  the  chapter  on  Glaucoma. 

For  the  participation  of  the  uvea  in  the  visual  act,  see  page  65 ; 
the  reaction  of  the  pupil  to  light  and  accommodation,  see  page  30; 
reaction  of  the  pupil  to  poisons,  mydriatics,  and  myotics,  see  page 
112;  reaction  of  the  ciliary  body  to  cycloplegics,  see  page  112. 

DISEASES  OF  THE  IRIS  AND  CILIARY  BODY.  CONGENITAL 

ANOMALIES. 

Variations  in  the  Color  of  the  Iris.  There  may  be  irregularities 
in  the  amount  and  distribution  of  the  iris  pigment,  which  may  be 
massed  into  little  heajDS  in  the  stroma,  giving  rise  to  a  number  of 
brown  or  black  spots  upon  a  lighter  colored,  iiis  or  patch  upon  its 
surface.    (Plate  XIII.) 

Sometimes  one  iris  differs  in  color  from  the  other;  this  is  called 
lieterocliromin.  When  one  eye  is  decidedly  brown  and  the  other  a 
uniform  blue  or  gray,  indicating  absence  of  i)igment,  the  latter  may 
have  been  the  site  of  previous  disease,  or  it  is  liable  to  be  affected 
later  by  cataract,  while  the  dark  eye  may  remain  normal.  In  inflam- 
matory conditions  the  color  of  the  iris  always  is  changed.  In  albinism 
the  iris  usually  has  a  pink  appearance,  which  is  due  to  the  shining 
of  the  fundus  roHex  through  the  iris  stroma. 

Membrana  Pupillaris  Perseverans.  As  has  been  noted  in  the 
chapter  on  the  tlevelopment  of  the  eye,  a  vascular  membrane  fills 
the  pupillary  area  which  nourishes  the  lens.  It  is  of  comparatively 
frequent  occurrence  in  newborn  infants,  but,  as  a  rule,  is  resorbed, 
entirely  before  birth  or  shortly  afterward.  In  a  few  cases  complete 
resorption  does  not  take  place,  and  a  gray  or  brown  tissue  lies  upon 
the  anterior  capsule  of  the  lens,  arising  from  the  circulus  minor  iridis ; 
in  the  centre  it  is  attached  to  a  small  romid  white  capsular  opacity. 
When  of  such  a  degree  as  shown  in  Plate  XIII.,  Fig.  12,  it  inter- 
feres seriously  with  visual  acuity.  Many  cases,  however,  display  only 
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one  or  two  filaments  from  one  portion  of  the  pupillary  margm  to  the 
opacity,  or  from  the  iris  to  the  capsule  of  the  lens,  or  in  other  cases 
only  a  few  brown  dots  remain  upon  the  lens  capsule.  If  the  pupil 
be  dilated  by  atropine,  it  opens  fully,  as  the  fibres  are  very  exten- 
sible. It  is  otherwise  the  case  in  posterior  synechia-,  for  here  the 
characteristic  clover-leaf  formation  of  the  pupil  is  observed  as  it 
becomes  enlarged.    (Plate  XIII.,  Fig.  9.) 


DESCRIPTION  OF  PLATE  XIII. 

Fig.  1.— Myosis  from  eseriue  ;  direct  illumination,  showing  the  full  extent  of  the  markings  of  the 
iris;  the  pupillary  portion  stretched  by  contraction  of  the  circular  fibres ;  the  pupil  is  never  per- 
fectly round,  and  is  usually  situated  downward  and  inward. 

Fig.  2— Mydriasis  from  atropine;  ophthalmoscopic  illumination;  fullest  expansion  of  the  pupil 
by  contraction  of  the  radial  fibres ;  the  distinctive  markings  on  the  iris  are  nearly  obliterated  ;  the 
lens  star  shows  indistinctly. 

Fig.  3.— Corectopia,  displacement  of  the  pupil ;  direct  illumination.  In  this  condition  the  pupil 
is  usually  somewhat  irregular,  small,  and  displaced  to  one  side  of  the  iris,  usually  downward  and 
inward ;  in  congenital  forms  being  sometimes  associated  with  coloboma  of  the  choroid. 

Fig.  4.— Glaucoma,  the  iris  structure  being  ill  defined  from  swelUng ;  the  pupil  irregular,  dilated, 
and  having  a  greenish  reflex. 

Fig  5  —Iridectomy  for  glaucoma  ;  ophthalmoscopic  illumination.  The  edges  of  the  coloboma 
even  and  the  whole  pupil  being  the  shape  of  an  Inverted  keyhole  ;  the  upper  edge  of  the  lens  and 
the  ciliarv  processes  are  seen.  ,  ,    .  ^■ 

Fig.  6.— Imperfect  healing  in  iridectomy  for  glaucoma ;  anterior  synechia  caused  by  incarceration 
of  one  edge  of  the  coloboma  in  the  corneal  wound  ;  direct  illumination. 

Fig  7— Optical  iridectomy  for  leucoma  of  the  cornea;  direct  illumination.  The  coloboma  is 
usually  made  downward  and  inward  on  the  back  of  the  clearest  portion  of  the  cornea;  small 
iridectomy  which  does  not  reach  to  the  root  of  the  iris. 

Fig.  8.— Congenital  coloboma  of  the  cornea ;  direct  illumination.  When  the  coloboma  reaches  to 
the  foot  of  the  iris  it  is  usually  accompanied  by  coloboma  of  the  choroid. 

Fig  9  —Iritis  with  posterior  synechia; ;  ophthalmoscopic  illumination.  The  markings  of  the  Iris 
are  not  well  defined  ;  the  synechiEe  show  dark,  forming  the  characteristic  clover-leaf  pupil. 

Fig  10 —Exclusion  of  the  pupil  or  total  posterior  syuechise  from  chronic  iritis ;  ophthalmoscopic 
illumination.  The  whole  edge  of  the  iris  and  sometimes  the  entire  posterior  surface  of  the  iris 
are  bound  down  by  adhesions  to  the  anterior  capsule  of  the  lens;  this  condition  and  the  follow- 
ing (Fig.  11)  are  prone  to  give  rise  to  secondary  glaucoma. 

Fig  11.— Occlusion  of  the  pupil  from  iridocyclitis  ;  oblique  illumination.  The  pupillary  area  is 
filled  with  organized  exudation ;  the  pupillary  margin  of  the  iris  being  bound  down  to  the  anterior 
capsule  of  the  lens,  the  centre  of  the  iris  being  bulged  forward,  causing  the  condition  known  as 

iris  bombiS.  ^  ^v. 

Fig.  12.— Persisting  pupillary  membrane ;  direct  illumination.  A  few  strands  reach  from  over  the 
edge  of  the  pupillary  margin  to  the  centre  of  the  lens.  This  condition  is  frequently  associated  with 
persisting  hyaloid  artery. 

Fig.  13  — Iridodialysis  (ophthalmoscopic  illumination),  forming  two  pupils  and  associated  with 
double  vision.   This  condition  and  that  of  the  next  are  of  traumatic  origin. 

Fig.  14.— Polycoria ;  ophthalmoscopic  illumination.  In  this  patient  there  were  three  pupils  and 
triple  vision  ;  the  edge  of  the  lens  and  ciliary  processes  could  be  distinctly  seen. 

Fig.  15.-Foreign  body  in  iris  and  lens,  binding  the  Iris  down  to  the  lens  ;  this  being  aseptic,  was 
not  associated  with  inflammatory  changes,  and  was  retained  in  the  eye  ten  days  before  extraction  by 
the  magnet ;  but  slight  opacity  of  the  lens  capsule  followed.   Direct  illumination. 

Fig.  IG.— Traumatic  hemorrhagic  iritis  with  hyphaemia  simulating  hypopyon.  Direct  illumination. 

Fig.  17.— Anterior  synechia  with  hernia  of  the  iris  from  incarceration  in  corneal  wound.  Direct 
illumination. 

Fio.  18.— Sarcoma  of  the  iris ;  oblique  illumination.  This  was  attended  by  iritis  and  posterior 
synechia. 

Fig.  19.— Syphilitic  iritis ;  direct  illumination.  Gumma  of  the  iris. 

Fig.  20  —Acute  choroiditis;  direct  illumination  In  this  condition  the  exudation  in  the  vitreous 
giv«8  rise  to  a  yellowish-green  reflex  from  the  pupil. 
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Treatment.  As  a  rule,  there  is  little  disturbance  of  vision;  but  if 
the  membrane  be  very  thick,  the  strands  may  be  divided  by  the 
iridectomy  scissors  or  the  sharp  hook. 

Coloboma  Iridis.  Congenital  coloboma  of  the  iris  is  always  sit- 
uated below,  the  pupil,  being  continued  downward  to  the  margin  of 
the  cornea,  growing  continuously  narrower,  the  sphincter  lining  the 
margin  of  the  pupil  and  also  the  coloboma  as  far  as  its  apex.  (Plate 
XIII.,  Fig.  8.)  In  the  majority  of  cases  a  small  rim  of  iris  may  be 
observed  at  the  bottom  of  the  coloboma.  It  is  to  be  distinguished 
from  the  one  made  by  iridectomy;  in  the  latter  the  sphincter  is 
wanting  in  the  coloboma,  and  it  may  be  seen  to  end  with  sharp  edges 
at  the  dividing  line  between  the  pupil  and  the  coloboma.  (Plate- 
XIII.,  Figs.  5,  6,  7.)  If  the  coloboma  be  accompanied  by  a  slight 
defect  of  the  choroid,  there  may  likewise  exist  a  deficiency  in  the 
ciliary  body;  sometimes  coloboma  or  indentation  in  the  edge  of  the 
lens  accompanies.    There  are  no  special  symptoms  and  no  treatment 

Aniridia  vel  Irideraemia.  The  iris  may  be  entirely  absent  or  but 
a  small  residual  portion  remain;  this  defect  is  accompanied  generally 
by  congenital  opacities  in  the  lens  and  cornea  and  other  abnormalities. 
For  the  special  condition,  dark  glasses  or  the  stenopoeic  hole  may  be 
indicated. 

Ectopia  Pupillae  vel  Corectopia.  Normally  the  pupil  is  not  pre- 
cisely in  the  centre,  but  is  usually  a  little  below  and  to  the  side.  This 
displacement  is  sometimes  so  great  that  it  is  noticeable,  especially 
in  myosis.  (Plate  XIII.,  Fig.  1.)  It  may  even  be  situated  eccen- 
trically in  the  neighborhood  of  the  corneal  margin  (Plate  XIII., 
Fig.  3),  and  is  sometimes  complicated  with  dislocation  of  the  lens. 

Policoria  or  multiple  pupils  have  been  described  as  occurring  con- 
genitally,  but  as  a  rule  such  conditions  are  due  to  traumatism.  (Plate 
XIII.,  Figs.  13,  14.) 

Inflammatory  Diseases.  Inflammation  of  the  iris  is  intimately 
connected  with  that  of  the  ciliary  body  as  both  are  supplied  by  the 
same  bloodvessels,  and  the  iris  springs  directly  from  the  ciliary  body, 
forming  a  continuous  tissue.  It  should  likewise  be  remembered  that 
the  choroid  is  a  portion  of  the  uvea,  and  is  usually  more  or  less  affected 
by  inflanunations  of  the  anterior  portions,  particularly  where  the 
ciliary  body  is  involved.  Thus,  while  we  speak  of  an  iritis,  a  cyclitis, 
or  a  choroiditis,  an  inflammation  of  these  tissues  is  more  properly  a 
uveitis.  The  disease  may,  however,  be  so  predominant  in  the  iris  or 
ciliary  body  that  the  affection  may  be  classed  as  iritis  or  cyclitis,  and 
for  practical  purposes  the  symptoms  of  the  predominant  lesions  may 
be  described  separately. 

Hyperaemia  of  the  Iris.  Congestion  is  the  first  stage  of  inflamma- 
tion, and  either  may  go  on  to  resolution  or  to  later  stages  of  inflam- 
mation. Everj'-  iritis  is  preceded  by  hypera?mia,  but  cases  are  met 
with  that  do  not  proceed  further  than  this  stage.  It  may  also  be 
coincident  with  or  be  a  symptom  of  inflammation  in  other  portions 
of  the  uveal  tract  or  the  neighboring  ocular  tissues;  thus  it  accom- 
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panies  inflammatory  changes  in  the  ciUary  body  and  acute,  severe 
choroiditis,  also  ulcer  of  the  cornea  and  scleritis. 

Hyper£emia  of  the  iris  is  characterized  by  change  in  its  color,  so 
that  a  blue  or  gray  iris  becomes  greenish  and  a  brown  iris  yellowish 
red;  in  dark  eyes  the  discoloration  is  not  so  marked  as  in  blonde  eyes. 
One  of  the  first  symptoms  is  pericorneal  congestion,  a  characteristic 
of  affections  of  the  uvea  and  cornea,  consisting  of  enlargement  of  the 
fine  vessels  situated  in  the  episcleral  tissue  radiating  from  the  corneal 
margin.  (Fig.  162.)  The  pupil  is  sluggish  and  does  not  respond 
freely  or  quickly  to  light,  accommodation,  or  mydriatics;  as  there 
is  no  exudate,  posterior  synechiiE  do  not  form.  In  acute  cases  com- 
plete resolution  takes  place  as  the  cause  ceases.  In  chronic  hyperemia 
the  iris  becomes  discolored  from  changes  in  the  pigment  cells,  and  the 
pigment  at  the  pupillary  border  disappears,  the  edge  becoming  ragged 
and  notched.  Senile  changes  in  the  iris  cause  bleaching  of  a  similar 
nature. 

Hypersemia  of  the  Ciliary  Body.  Simple  hyperemia  of  the  ciliary 
body  is  accompanied  usually  by  changes  in  the  choroid  of  a  congestive 
or  inflammatory  type.  The  ciliary  region  becomes  easily  congested 
by  use  of  the  eyes  or  by  irritation,  and  there  is  ciliary  pain  following 
close  work. 

Etiology.  Hyper£emia  being  the  first  stage  of  inflammation,  tlie 
cause  of  congestion  of  the  iris  or  ciliary  body  may  be  looked  for  in 
eyestrain,  injuries  and  inflamma- 
tions of  the  cornea,  sclera,  choroid, 
and  in  distm'bances  of  general 
nutrition. 

Treatment.  Rest,  dark  glasses, 
instillation  of  atropme,  removal 
of  the  general  or  local  cause  of  the 
congestion,  regulation  of  eyework, 
and  correction  of  refractive  errors. 

Iritis.  In  addition  to  the  symp- 
toms of  hyperemia,  true  iritis  is 
attended  by  exudation  into  the 
stroma  of  the  iris  and  the  anterior 
and  posterior  chambers. 

1.  Exudation  into  the  stroma  of 
the  iris  is  attended  by  infiltration 
with  round  cells  which  thickens  and 

swells  the  membrane.  (Plate  XII.,  B.)  The  discoloration  is  more 
pronounced  than  in  hyperemia,  the  distinctness  of  the  markings  on 
the  anterior  surface  becoming  obscured;  the  rigid  and  swollen  iris 
reacts  but  little  to  light  and  accommodation,  the  pupil  being  greatly 

contracted.    (Fig.  162.)  _         -r  x  j  u   +    u-  r+ 

2.  Exudation  into  the  anterior  chamber  is  manifested  by  turbidity 
of  the  aqueous  from  suspension  therein  of  cells;  the  pupil  looks  gray 
instead  of  black;  the  exudate  floating  in  tlie  aqueous  sinks  into 


Fig.  162. 


Iritis 


The  pupil  is  irregularly  contracted ,  and 
circumcorneal  congestion  is  marked. 
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the  bottom  of  the  chamber,  producing  hypopyon.  With  great  hyper- 
emia, exudation  of  blood  may  take  phice,  which  sinks  to  the  bottom 
of  the  anterior  chamber— hyphoimia.  (Plate  XIII.,  Fig.  16.)  There 
is  considerable  exudate  upon  the  surfaces  of  the  iris  (Plate  XII.,  B) 
and  upon  the  walls  of  the  anterior  chamber;  hence  the  cornea  and  lens 
appear  cloudy  on  account  of  the  deposit  of  numerous  round  cells  upon 
their  endothelium.  These  may  even  coalesce  and  be  deposited  in  spots, 
but  this  condition  is  more  common  where  the  ciliary  body  is  involved! 
If^  these  exudates  become  organized,  a  membrane  is  formed,  connected 
with  the  pupillary  margin,  which  closes  the  pupil,  causing  the  condi- 
tion called  occlusion  of  the  pupil  (Plate  XIII.,  Fig.  11) ;  this  results  m 
great  hnpairment  of  vision. 

3.  Exudation  into  the  posterior  chamber  cannot  be  seen  directly 
'  on  account  of  the  iris  being  closely  applied  to  the  capsule  of  the  lens; 
it  gums  down  the  iris,  forming  adhesions  at  the  pupillary  margin,  or 
posterior  sijnechice.  (Plate  XIIL,  Figs.  9, 10.)  It  is  the  layer  of  retinal 
pigment  that  becomes  adherent,  and  as  this  deposit  is  formed  when 
the  iritis  is  at  its  height  and  the  pupil  contracted,  when  the  pupil  tends 
to  resume  its  normal  size,  or  if  atropine  be  mstilled,  it  is  found  that 
the  iris  retracts  strongly  at  its  unattached  portions,  forming  clover- 
leaf  adhesions.  The  tags  jutting  into  the  pupil  appear  dark  brown 
or  black,  and  there  are  isolated  spots  on  the  lens  capsule,  showing 
where  the  retinal  pigment  has  been  attached  and  torn  away.  Dilata- 
tion of  the  pupil  by  atropine  at  this  time  may  release  some  or  all  of 
the  adhesions,  but  the  pigment  remains  permanently,  giving  evidence 
during  the  whole  lifetime  of  the  patient  that  iritis  once  existed. 

If  adhesion  of  the  iris  to  the  capsule  of  the  lens  exist  around  the 
whole  extent  of  the  pupillary  margin,  it  is  called  annular  posterior 
synechia;  this  results  in  shutting  off  the  anterior  from  the  posterior 
chamber,  exclusion  of  the  pupil  (Plate  XIIL,  Fig.  10),  wliich  does  not 
of  itself  necessarily  affect  the  sight  if  the  pupil  be  free  from  membrane, 
but  subsequently  causes  increase  of  tension  and  glaucoma,  resulting 
in  blindness.  This  condition  frequently  is  associated  with  occlusion 
of  the  pupil,  and  as  the  latter  rarely  occurs  without  closure  of  the 
anterior  and  posterior  cham'bers,  it  is  subject  to  the  same  dangers. 

Cyclitis.  Most  writers  describe  cyclitis  under  the  name  of  "  serous 
iritis."  Inflammation  of  the  ciliary  body  is  attended  always  with 
hypertemia  or  with  inflammation  in  the  iris.  Simple  cyclitis,  with  but 
little  inflammation  of  or  even  with  but  slight  hyperemia  in  the  iris, 
may  occur  m  a  chronic  form,  the  inflammatory  symptoms  being 
slight,  the  pupils  generally  somewhat  dilated,  the  chief  symjatom 
of  obscuration  of  vision  being  due  to  the  presence  of  deposits  on  the 
posterior  surface  of  the  cornea  (Fig.  164),  and  opacities  in  the  vitreous. 

Severe  cyclitis  may  occur  without  marked  symptoms  bemg  set  up 
in  the  iridic  tissue,  which  only  becomes  hypersemic.  Exudation  into 
the  anterior  chamber  is  not  usually  pronounced,  and  while  the  iris 
reacts  slowly  to  light,  accommodation,  and  mydriatics,  synechia  do 
not  tend  to  form. 
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Exudation  from  the  ciliary  body  takes  place  into  the  anterior  and 
posterior  chambers  and  into  the  vitreous. 

1  Exudation  into  the  anterior  chamber  passes  either  directly  Irom  tne 
anterior  portion  of  the  ciliary  body  through  the  ligamentum  pectina- 
tum  at  the  sinus  of  the  anterior  chamber,  or,  being  deposited  tlirectly 
in  the  posterior  chamber,  is  carried  with  the  aqueous  through  the 
pupil  into  the  anterior  chamber.  In  consequence  of  this,  especially  in 
the  chronic  forms  of  inflammation,  conglomerations  of  cells  aggluti- 


FlG.  163. 


Deposit  upon  posterior  surface  of  cornea  in  cyclitis.  The  endothelium  is  intact  except  where  the 

deposit  is  thickest.   (After  Ftjchs.) 

nated  into  masses  by  fibrinous  exudate  (Fig.  163)  are  thrown  against 
the  posterior  surface  of  the  cornea  by  the  centrifugal  force  o  the  eye 
movements,  and  adhere  in  a  triangular  shape  to  the  endothelium,  the 
larger  exudates  being  at  the  bottom,  while  the  smaller  are  at  the  upper 
portion  of  the  triangle.  (Fig.  164,  A  and  B.)  These  deposits  are  light 
gray  or  brownish,  varying  from  a  very  small  size  to  that  oi  a  pm  s 
head  and  formerly  were  supposed  to  be  located  m  Descemet  s  layer 
(descemitis),  but  are  readily  distinguishable  from  macular  deposits 

Fig.  164. 


A  B 
Deposits  on  posterior  surface  of  cornea  in  cyclitis.  A.  Larger  deposits.   B.  Smaller. 

in  the  cornea  (keratitis  punctata)  by  oblique  illumination,  by  their 
clear  outline  and  brownish  color,  and  by  the  fact  that  they  are 
all  on  the  same  plane  on  the  posterior  sm-face,  and  not  m  different 
depths  of  the  cornea.  If  the  cornea  be  incised  and  the  aqueous 
allowed  to  escape,  some  of  the  deposits  are  carried  away.  Pigment 
deposit  on  the  surface  of  the  lens  as  well  as  the  posterior  surface  of 
the  cornea  has  been  seen  following  or  during  the  course  of  cyclitis. 
If  the  exudate  from  the  ciliary  body  into  the  anterior  chamber  be 
very  great,  it  may  be  deposited  in  the  form  of  hypopyon;  but  if  this 
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occurs,  grayish  spongy  masses  will  be  found  projecting  around  the 
angles  of  the  anterior  chamber. 

2.  The  greater  mass  of  exudate  in  cyclitis  is  deposited  in  the  'pos- 
terior chamber,  and  if  extensive  leads  to  adhesion  of  the  whole  posterior 
surface  of  the  iris  to  the  capsule  of  the  lens— toto/  posterior  synechia. 
As  it  shrinks,  this  exudation  draws  the  iris  everywhere  to  the  anterior 
surface  of  the  lens,  so  that  the  posterior  chamber  is  obliterated  and 
the  anterior  chamber  becomes  proportionately  deeper,  especially  at 
the  periphery,  where  the  iris  is  displaced  farther  backward.  (Fig. 
165.)  This  occasions  the  same  danger  of  glaucoma  as  spoken  of  in 
exclusion  of  the  pupil. 

3.  Exudation  into  the  vitreous  causes  opacity,  which  if  of  large  size 
and  in  the  anterior  portion  causes  great  diminution  of  vision.    If  the 
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Iridocyclitis  after  perforating  Injury.   Magnified  30  times.   (After  Puchs.) 


media  be  sufficiently  clear,  they  may  be  seen  under  lateral  illumina- 
tion as  a  gray  mass  behind  the  lens,  causing  the  condition  Imown  as 
pseudoglioma.  (Plate  XV.,  C,  and  Fig.  198.)  The  sight  is  lost  and 
atrophy  of  the  eyeball  occurs. 

The  tension  of  the  eye,  which  in  iritis  usually  is  unchanged,  often  is 
elevated  in  the  beginning  of  cyclitis,  so  much  that  glaucoma  may  set 
in  and  blindness  speedily  be  produced.  In  the  later  stages  of  cyclitis, 
on  account  of  the  shrinking  of  the  exudates,  diminution  of  the  ocular 
pressure  is  more  common. 

The  subjective  symptoms  of  both  iritis  and  cyclitis  are  those  of  severe 
inflammation,  consisting  of  lacrymation,  photophobia,  and  severe 
pain.  The  pain  and  tenderness  are  situated  not  only  in  the  eyeball,  but 
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also  in  the  surrounding  parts,  especially  the  region  of  the  eyebrows. 
In  the  acute  cases  the  pain  is  intense,  while  chronic  cases  occur  in 
which  inflammatory  symptoms  are  almost  entirely  wanting.  In  severe 
iridocyclitis  the  pain  is  intolerable,  particularly  at  night,  and  is  accom- 
panied by  hyperpyrexia  and  sometimes  vomiting.  Vision  is  always 
niore  or  less  diminished.  On  account  of  the  increased  refractive 
mdex  of  the  aqueous  in  iritis,  a  pseudomyopia  is  developed  in  the 
course  of  the  disease,  which  disappears  after  resolution  takes  place. 

The  following  signs  show  positive  evidence  of  involvement  of  the 
ciliary  hodij:  1.  When  the  inflammatory  symptoms  are  very  severe, 
especially  if  associated  with  oedema  of  the  upper  lid.  2.  When  the 
ciliary  region  is  painful.  3.  When  deposits  occur  on  the  cornea. 
4.  When  the  anterior  chamber  becomes  very  deep  from  gumming 
down  of  the  ciliary  margin  of  the  iris.  5.  When  the  visual  acuity 
IS  greatly  lowered,  which  is  due  to  involvement  of  the  vitreous.  6. 
When  the  tension  either  is  lowered  or  elevated. 

Course  and  Sequelae  of  Iritis  and  Cyclitis.  Course  Acute  cases 
associated  with  marked  inflammation  run  a  severe  course,  the  average 
case  of  iritis  lasting  from  one  to  two  months,  the  first  signs  of  improve- 
ment being  decrease  of  the  congestion  and  pain  and  prompt  action 
of  atropine.  Chronic  cases  show  but  slight  symptoms  of  inflammation : 
an  iridocyclitis  or  iridochoroiditis  may  last  a  number  of  years. 
Relapses  of  inflammation  in  the  iris  and  ciMary  body  are  common, 
being  due  to  renewal  of  the  exciting  cause  rather  than  to  the  mechani- 
cal effect  of  the  adhesions  which  may  have  formed.  Formerly  it  was 
supposed  that  posterior  synechia?  were  particularly  dangerous,  and 
many  operations  were  devised  for  cutting  the  iris  loose  at  its  periphery. 
Unless  the  adhesions  have  caused  exclusion  or  occlusion  of  the  pupil 
they  should  be  left  alone.  ' 

Complete  resolution  may  take  place  in  mild  cases,  if  seen  sufficiently 
early  and  the  pupil  kept  dilated  by  atropine.  Even  if  posterior 
adhesion  of  the  iris  has  taken  place,  the  pupil  may  fully  dilate,  leaving, 
however,  pigment  spots  upon  the  anterior  capsule  of  the  lens,  which 
do  not  become  absorbed  and  may  later  be  seen  during  the  entire  life- 
time of  the  patient  by  oblique  illumination  or  the  ophthalmoscope; 
they  are  likewise  subjectively  evident  as  floating  specks  before  the 
eyes.  Hypopyon,  hypha;mia,  exudates  into  the  anterior  chamber,  and 
slight  opacities  of  the  vitreous  may  disappear  completely  by  resorption. 

Sequelae.  _  In  most  cases  permanent  sequelae  remain  after  iritis 
and  cyclitis:  1.  The  most  common  sequela?  of  iritis  are  'posterior 
synechia;  these  are  evident  by  circumscribed  adhesions  of  the  iridic 
pigment  at  the  pupillary  margin  to  the  anterior  capsule  of  the  lens, 
the  pupil  being  irregular  and  responding  to  mydriatics  incomp'etely  in 
a  clover-leaf  form.  (Plate  XIII.,  Fig.  9.)  Complete  adhesion  of  the 
pupillary  margin  causes  exclusion  of  the  pupil,  the  body  of  the  iris 
being  pushed  forward,  producing  the  condition  known  as  iris  homU 
(Plate  XIIL,  Figs.  10,  11);  the  pupil  being  represented  as  a  crater- 
the  ins  being  greatly  stretched  becomes  atrophic,  elevation  of  intra- 
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ocular  pressure  occurs,  and  the  symptoms  of  secondary  glaucoma 
set  in.  On  account  of  the  increase  of  tension,  the  sclera  may  give 
way  in  places,  forming  ectasia.  2.  Atrophy  of  the  iris,  especially  of 
its  pigment,  appears  as  the  result  of  repeated  recurrences  or  chronic 
inflammation;  the  delicate  markings  of  the  anterior  surface  disap- 
pear, the  pupillary  margin  is  thinned  down,  and  dilated  vessels  may 
often  be  distinguished.  The  iris  pigment,  particularly  of  the  retinal 
layer,  becomes  absorbed  and  a  black  ring  at  the  edge  of  the  pupil  is 
no  longer  seen,  the  edge'  of  the  iris  looking  frayed  and  its  tissue 
lighter  in  color.  The  atrophic  iris  is  very  friable  and  makes  perform- 
ance of  iridectomy  very  difficult.  3.  Occlusio  pupillce  is  caused  by 
organization  of  the  exudate  forming  a  pupillary  membrane  which 
diminishes  the  vision  in  proportion  to  its  thickness.  4.  Exudates  be- 
hind the  iris  :  total  posterior  synechia?  has  been  described.  In  severe 
cases  the  fibrous  mass  completely  envelops  the  lens,  and,  as  resolution 
goes  on,  has  a  tendency  to  shrink,  causing  the  anterior  chamber  to 
become  deeper  from  shrinkmg  of  the  vitreous,  and  direct  contraction 
causing  detachment  of  the  vitreous  and  retina.  5.  Atrophy  of  the 
eyeball  follows,  which,  on  account  of  the  diminished  tension  from 
the  effect  of  the  extra-ocular  muscles  pulling  upon  the  ball,  becomes 
of  a  quadrangular  shape,  being  grooved  at  the  insertion  of  the 
recti.  The  cornea  becomes  smaller,  opaque,  and  flattened,  at  times 
remaining  transparent,  and  becoming  abnormally  protuberant  or 
thrown  into  folds.  The  lens  and  remaining  vitreous  become  opaque 
and  the  eye  blind.  The  eye  becomes  sensitive  to  touch,  and 
secondary  attacks  of  pain  occur,  especially  if  the  eye  harbors  a 
foreign  body,  or  deposits  of  bone  or  calcareous  tissue  develop.  The 
atrophy  pursues  a  course  of  months  or  years,  and  pain  usually  dis- 
appears when  complete  shrinkage  occurs;  the  condition  then  is 
known  as  phthisis  bulbi.  6.  Opacity  of  the  lens  occurs  on  account  of 
disturbed  nutrition,  particularly  in  cyclitis,  as  the  iris  and  ciliary 
body  become  attached  by  exudates  to  the  lens.  Such  a  cataract  is 
known  by  the  name  cataracla  accreta.  In  atrophic  eyeballs  the 
lens  is  always  opaque  and  shrunken. 

Etiology  of  Iritis  and  Cyclitis.  Iritis  and  cyclitis  may  arise  as  a 
primary  process,  the  original  site  of  the  inflammation  being  in  the 
iris  or  ciliary  body.  It  is  caused  in  the  majority  of  cases  by  dj^s- 
crasijB  and  general  diseases.  In  such  cases  both  eyes  usually  are 
affected,  although  not  always  at  the  same  time.  The  inflammation 
may  likewise  arise  as  a  local  affection,  under  which  heading  we  put 
traumatism  and  those  idiopathic  cases  in  which  we  can  discover  no 
definable  cause;  here  the  disease  usually  affects  but  one  eye.  To 
this  subdivision  belongs  also  sympathetic  inflammation.  Iritis  and 
cyclitis  may  likewise  arise  as  secondary  affections  from  inflammation 
transmitted  from  the  neighboring  structures.  In  classifying  inflam- 
mations of  the  iris  and  ciliary  body  according  to  the  above  scheme, 
we  call  them  iritis  or  cyclitis  or  iridocyclitis  according  to  the  struct- 
ure principally  involved. 
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Primary  Iritis  and  Cyclitis.  Syphilitic  Iritis.  Syphilis  is  respon- 
sible for  at  least  one-half  of  the  cases  of  iritis.  It  is  an  early  secondary 
symptom,  appearing  shortly  after  the  first  macular  eruption,  and 
occurs  in  5  per  cent,  of  the  cases  of  syphilis.  The  inflammation  has 
a  characteristic  appearance  in  that  nodules  of  a  yellowish-red  color, 
of  the  size  of  a  pin's  head  or  larger,  form  either  on  the  ciliary  or 
pupillary  margin  of  the  iris,  but  never  between.  In  the  majority  of 
cases  these  nodules  disappear,  leaving  broad  and  solid  synechise  and 
atrophy  of  the  iris  tissue.  In  some  cases  no  distinct  nodules  are 
formed,  but  the  pupillary  margin  is  swollen  in  places,  and  unusually 
broad  synechiae  form  which  do  not  yield  to  atropine.  Iritis  may 
occur  in  the  later  stages  of  syphilis  without  the  formation  of  nodules, 
but  gummata  (iritis  gummatosa)  (Plate  XIII.,  Fig.  19)  may  develop 
ui  the  iris  and  ciliary  body,  and,  attaining  great  dimensions,  break 
through  the  envelopes  of  the  eye,  bringing  about  its  destruction. 

Iritis  likewise  occurs  in  hereditary  syphilis,  although  not  so  fre- 
quently, being  usually  associated  with  interstitial  keratitis,  occurring 
early  ui  childhood,  while  acquired  syphilis  usually  is  observed  in 
adults. 

Inflammation  of  the  choroid  is  associated  with  more  than  half  of  the 
cases  of  syphilitic  iritis  and  cyclitis;  the  retina  and  optic  nerve  are 
frequently  involved.  There  is  a  tendency  to  recurrence.  The  actual 
diagnosis  can  be  established  only  by  demonstration  of  the  presence 
of  syphilis  or  the  favorable  action  of  antisyphilitic  remedies. 

Iritis  Scrofulosa.  Iritis  scrofulosa  bears  a  resemblance  to  the  iritis 
of  hereditary  syphilis,  occurs  in  anaemic  and  scrofulous  children 
and  youths,  and  often  is  characterized  by  lardaceous-looking  deposits 
which  appear  to  come  from  the  angle  of  the  anterior  chamber. 

Iritis  Tiiberculosa.  Tubercular  deposits  may  occur  primarily  in  the 
iris  and  ciliary  body  from  woimd  infection,  or,  secondarily,  in  con- 
nection with  general  disease.  They  may  take  the  form  of  miliary 
growths,  with  consequent  inflammation,  or  may  form  large  tumors. 
(Figs.  187  and  188.) 

Iritis  Rheiimatica.  Iritis  rheumatica  appears  in  persons  of  the 
rheumatic,  arthritic,  or  uric-acid  diathesis,  is  characterized  by  in- 
flammation with  little  exudation,  and  has  a  marked  tendency  to  recur. 

Iritis  Gonorrhoeica.  Iritis  gonorrhoeica  develops  where  general 
infection  has  arisen  from  gonorrhoea.  It  is  associated  usually  with 
gonorrhceal  rheumatism,  arising  after  the  outbreak  in  the  larger  joints. 
It  exhibits  recurrences  frequently  associated  with  renewal  of  the 
urethral  discharge  or  of  the  joint-affection. 

Iritis  has  been  seen  in  relapsing  fever  and  variola.  Iritis  occurs 
in  diabetics,  associated  with  hj^opyon. 

Iritis  Idiopathica.  Idiopathic  iritis  is  the  form  in  which  the  cause 
remains  obscure,  being  usually  attributed  to  cold.  The  acute  form  is 
generally  unilateral;  the  chronic  form  generally  appears  with  symp- 
toms of  cyclitis  and  choroiditis,  with  light  inflammatory  symptoms, 
and  runs  a  long  course.    This  has  already  been  described  under  the 
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heading  Cyclitis.  It  has  been  called  iritis  serosa.  "\^Tien  it  occurs 
in  persons  of  advanced  age  the  cause  seems  to  be  defective  nutrition, 
and  it  slowly  progresses  until  blindness  sets  in. 

Iritis  Traumatica.  The  causes  of  traumatism  of  all  kinds,  espe- 
cially perforation  of  the  eyeball,  traumatic  iritis,  and  hidocyclitis, 
are  described  under  their  respective  headings. 

Iridocydilis  Sympathetica.  Sympathetic  inflammation  is  discussed 
on  page  390. 

Secondary  Iritis  and  Iridocyclitis.  Inflammation  of  the  iris  and 
the  ciliary  body  may  develop  by  transmission  from  neighboring  struct- 
ures, more  espec'ally  suppurative  keratitis  and  the  deeper  forms  of 
scleritis;  more  rarely  it  is  caused  by  severe  conjunctivitis.  Inflam- 
mations sometimes  pass  forward  from  the  posterior  section  of  the 
eye,  from  choroiditis,  intra-ocular  tumors,  cysticercus,  and  swelling 
of  the  lens.  Cysticercus  and  filaria  have  been  observed  in  the  anterior 
chamber  and  iris  by  Continental  writers,  and  have  been  successfully 
removed. 

Treatment  of  Iritis  and  Cyclitis.  Most  cases  of  iritis  and  cyclitis 
demand  both  local  and  general  treatment. 

Local  Measures.  1.  The  mode  of  life  requires  modification  ; 
physical  exertion  should  be  avoided,  and,  in  severe  cases,  rest  m  bed 
is  imperative.  Because  light  excites  the  pupil  to  contraction,  and  on 
account  of  photophobia,  both  eyes  should  be  protected  by  the  patient 
being  made  to  wear  dark  glasses  and  an  eye-shade,  and,  as  a  rule, 
being  kept  in  a  moderately  darkened  room.  (This  is  one  of  the  few 
eye  diseases  in  which  a  dark  room  is  demanded.  Confinement  of 
eye  patients  to  the  necessarily  poorly  ventilated  darkened  room 
freciueutly  does  more  harm,  as  regards  recuperation,  than  the  good 
that  may  be  obtained  from  the  absence  of  irritation  from  light;  thus 
the  dark  room,  except  for  the  treatment  for  iritis  and  some  cases 
of  conjunctivitis,  has  almost  disappeared  from  modern  ophthalmic 
practice.)  The  healthy  eye  should  not  be  strained  by  reading,  and, 
as  a  rule,  it  should  be  put  in  a  splint  by  the  use  of  atropine,  as  the 
synergetic  action  of  the  pupils  to  light  and  accommodation  is  dele- 
terious. 

2.  With  the  exception  of  traumatic  cases  (when  during  the  first 
twenty-four  hours  iced  applications  may  be  used),  hoi  compressing 
is  indicated  in  all  cases  of  iritis  and  cyclitis.  The  moist  heat  gives 
relief  from  pain  and  favors  metabolism,  thus  hastening  recovery. 
Moist  heat  may  be  applied  by  cloths  wrung  out  of  hot  water,  oyer 
which  flannel  may  be  laid  to  conserve  the  heat,  the  compresses  being 
changed  every  two  minutes.  Several  ingenious  forms  of  applying 
heat  by  siphon  or  electric  apparatus,  under  which  moist  cloths  are 
kept,  may  be  used. 

3  Extensive  blood-letting  by  the  Heurteloup  artificial  leech  (Fig. 
166)  appl  ed  to  the  temple  once  or  twice,  and  repeated  later, 
if  necessary,  may  greatly  diminish  the  inflammatory  symptoms. 
Frequently  after  such  a  procedure  the  pupil  yields  or  the  first  time 
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to  the  action  of  atropine.  Natural  leeches  may  be  used,  of  which 
six  or  eight  may  be  applied,  but  they  are  often  unobtainable,  are 
difficult  of  application,  and  are  disgusting  to  the  patient. 

MedicinxVL  Treatment.  Atropine  is  the  most  important  remedy 
in  iritis,  as  it  dilates  the  pupil,  diminishes  the  amount  of  blood  n  the 
vessels,  and  counteracts  the  hypersemia;  by  paralyzing  the  sphincter 
it  puts  the  inflamed  organ  at  rest;  by  enlarging  the  pupil  it  ruptures 
recent  posterior  synechiffi,  as  when  the  iris  is  ful  y  contracted  its  edge 
is  not  against  the  lens,  and  it  prevents  the  formation  of  adhesions. 
The  amount  of  atropine  used  should  be  carefully  regulated  according 
to  the  intensity  of  the  inflammation.  As  during  the  period  of  ncrease 
of  inflammation,  spasm  of  the  sphincter  exists,  it  is  usually  difficult 
to  dilate  the  pupil,  and  atropine  should  be  used  in  strong  solutions 
(1  per  cent,  to  5  per  cent,  every 
three  or  four  hours;  or,  if  the  pupil 
does  not  dilate,  place  a  granule  of  |L 
atropine  in  the  conjunctival  sac,  q.mw(3| 
taldng  care  to  close  the  lacr}'mal 
puncta  for  a  few  minutes  by 
stretching  the  skin  over  them  with 
the  finger-tip) .  By  the  simultane- 
ous employment  of  cocaine  (3  per 
cent.)  or  holocaine  (1  per  cent.), 
the  action  of  atropine  may  be 
heightened.  On  account  of  sys- 
temic symptoms,  strong  solutions 
cannot  be  used  more  than  a  few  times  in  succession,  and  may 
have  to  be  combated  by  the  administration  of  morphine  inter- 
na'ly.  Atropine  catarrh,  from  the  continuous  instillation  of  the  drug, 
may  occur  ;  and  if  so,  the  mydriatic  should  be  changed  to  scopo- 
lamine (0.1  per  cent,  to  0.5  per  cent.)  or  duboisine  (1  per  cent.).- 
If  the  inflammation  be  very  severe,  instillation  of  1  :  1000  adrenalin 
chloride  tends  to  reduce  the  congestion,  not  only  in  the  external 
membranes  of  the  eye,  but  also  in  the  iris  and  ciliary  body.  Dionin, 
in  10  per  cent,  solution,  instilled  several  times  a  day,  is  of  marked 
value  as  a  lasting  local  anaesthetic  in  cases  of  iritis  as  well  as  corneal, 
ulcer. 

In  cases  of  iridocyclitis  in  which  the  implication  of  the  ciliary 
body  is  particularly  prominent,  and  also  in  pure  cyclitis,  atropine  is 
not  well  borne.  If  pain  is  caused  by  its  instillation,  or  there  is 
elevation  of  tension  atropine  should  be  stopped,  and  dionin  and 
adrenalin  chloride  alone  used. 

General  Measures.  1.  In  all  cases  it  is  important  to  keep  the  ali- 
mentary tract  in  order  by  regulation  of  the  diet,  which  should  be 
limited  to  simple  nourishing  food,  and  constipation  combated,  prefer- 
ably by  saline  cathartics. 

2.  The  etiological  factors  should  be  considered,  the  majority  of 
cases  demanding  general  medical  treatment.    Syphilitic  iritis  offers 
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the  most  favorable  prognosis,  as  it  generally  responds  to  energetic 
treatment.  As  the  remedy  should  act  promptly,  mercury  is  given 
in  the  form  of  inunction  (4  gm.  of  blue  ointment  or  of  the  oleate 
rubbed  into  the  arms  and  thighs  twice  a  day,  or  the  same  quantity 
smeared  on  the  soles  of  the  feet),  and  is  contmued  until  the  diseased 
eye  is  no  longer  inflamed,  or  until  symptoms  of  ptyahsm  occur, 
and  then  iodide  of  potassium  or  sodium  is  administered  in  gradually 
increasing  doses  (1  to  10  gm.,  three  times  daily).  The  other  alteratives, 
especially  arsenic  and  gold,  either  singly  or  in  combination  with 
mercury,  are  of  benefit  (auri,  arseni.  et  hydrargyri  bromidi,  aa  0.001 
to  0  002  gm.,  three  times  daily). 

The  general  treatment  after  the  iritis  has  passed  away  is  that  laid 
down  for  syphilis  in  general. 

In  hereditary  syphilis  the  treatment  should  be  tonic  as  well  as 
specific:  syrup  of  the  iodide  of  iron  (1  to  2  c.c,  three  times  daily), 
together  with  cod-liver  oil  (4  to  16  c.c,  three  times  daily),  syrup  of 
hydriodic  acid  (2  to  4  c.c,  three  times  daily).  If  gummata  form  and 
are  not  relieved  by  specific  remedies,  perforation  of  the  eye  may  take 
place,  and  enucleation  may  have  to  be  done.  Other  operations  in 
the  height  of  specific  iritis  are  usually  contraindicated. 

In  iritis  rheumatica  and  gonorrhoeica,  sodium  salicylate  (1  to  2  gm., 
three  times  daily)  or  the  oil  of  gaultheria  (0.3  to  0.6  c.c)  are  indi- 
cated, and  give  relief  in  about  the  same  proportion  of  cases  as  in  other 
rheumatic  lesions.  In  iritis  diabetica,  arsenic  seems  to  be  of  service. 
In  (jroM^i/ subjects  the  causes  of  the  defective  uric-acid  elimination  and 
such  lesions  as  iritis  are  frequently  assisted  to  disappear  by  cystogen 
or  urotropin  (0.3  to  0.5  gm.,  three  times  daily  between  meals),  to- 
gether with  appropriate  diet  and  lithia  waters. 

Treatment  of  the  Sequelae  of  Iritis  and  Iridocyclitis.  Narrow  and 
isolated  posterior  synechice  may  often  be  ruptured  by  the  employment 
of  atropine  (1  to  5  per  cent.)  by  itself,  or  in  combinat'on  with  holo- 
caine  (1  per  cent.)  or  cocaine  (5  per  cent.).  As  a  very  energetic 
action  is  desired,  it  is  secured  most  certainly  by  placing  the  pure 
drug  direct  in  the  conjunctival  sac;  the  alternate  use  of  myotics  and 
mydriatics,  the  pupil  being  first  contracted  with  eserine  (0.2  per 
cent.),  and  then  energetically  dilated  with  atropine,  is  even  more 
effective,  but  such  procedures  should  not  be  made  until  some  time 
after  the  iritis  has  been  subdued.  Broad  synechise  cannot  be  divided 
by  such  means,  and  were  formerly  operated  upon  (corelysis),  as  it  was 
believed  that  the  action  of  the  iris  in  the  opening  and  closing  of  the 
pupil,  caused  irritation  which  set  up  recurrence  of  the  iritis;  but  it 
is  now  recognized  that  in  such  cases  the  original  causal  factor  again 
acted,  and,  hence,  such  operations  are  now  seldom  practised. 

Annidar  posterior  synechia,  with  exclusio  pupiUa;  in  addition, 
demands  iridectomy  in  order  to  restore  communication  between  the 
anterior  and  posterior  chambers,  for,  if  allowed  to  remain,  secondary 
glaucoma  surely  sets  in.  The  operation  is  often  difficult,  on  account 
of  the  shallowness  of  the  chambers,  due  to  protrusion  of  the  iris 
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{iris  bombe,  Plate  XIII.,  Figs.  10,  11),  and  also  on  account  of  atrophy 
of  the  tissue.  Thus  a  good-looking  coloboma  is  seldom  the  result  in 
such  cases,  and  we  must  be  contented  if  a  permanent  opening  re- 
mains, for  the  anterior  chamber,  in  consequence  of  restoration  of  the 
connection  between  the  two  chambers,  regains  its  normal  depth,  and 
a  secondary  operation  may  be  performed  later. 

Total  posterior  synechia  also  requires  iridectomy,  which  is  frequently 
unsuccessful,  as,  on  account  of  the  adhesion  of  the  iris  by  its  whole 
posterior  surface  to  the  lens  it  is  frequently  impossible  to  excise  a 
sufficiently  large  segment.  In  such  cases  the  lens  may  be  removed, 
together  with  more  or  less  of  the  iris,  or,  if  absent,  iridotomy  is 
indicated. 

Neoplasmata  of  the  Iris  and  Ciliary  Body.  Benign  Tumors,  a. 
Cysts  of  the  Iris.  Serous  cysts  may  develop  within  the  stroma  of  the 
iris  after  penetrating  wounds  of  the  eyeball,  growmg  gradually  until 
they  reach  the  posterior  surface  of  the  cornea,  and  fill  all  or  a  portion 
of  the  anterior  chamber.  Their  walls  are  formed  by  thinned  iris  tissue. 
They  produce  elevation  of  tension,  and  from  this  glaucoma  results. 

b.  Dermoid  tumors  have  been  reported  (Fig.  167),  being  caused  by 
penetrating  injuries  by  which  epithelial  cells  are  carried  within, 
starting  up  tumor  growth.  These  may  even  grow  one  or  two  hairs, 
as  is  the  case  with  dermoids  elsewhere. 

Treatment.  As  such  tumors  are  not  benign  when  arising  within 
the  eye,  they  should  be  removed  early  by  operation,  by  incising  the 
cornea  at  a  point  corresponding 
with  the  growth,  entering  the  for- 
ceps, withdrawing,  and  cutting 
out  the  tmnor  with  the  adjoining 
iris. 

Melanomata  are  rare  forms  of 
real  benign  growths  arising  from 
proliferation  of  the  pigment  stroma 
cells  growing  into  the  anterior 
chamber.  They  rarely  become 
of  consequence,  and  are  to  be 
distinguished   from  sarcomatous 

growths    by    their     slow    course,  Dermoid  tumor  of  the  iris. 

small  size,  and  absence  of  inflam- 
matory symptoms.  The  pigment  cells  of  the  retinal  layer  at  its 
reflection  upon  the  anterior  surface  of  the  iris  at  the  edge  of  the 
pupil  may  proliferate  and  project  into  the  pupil;  they  sometimes 
become  separated  from  the  pupillary  margin,  dropping  into  the  an- 
terior chamber,  but  they  rarely  become  larger  than  a  grain  of  wheat, 
and  are  of  very  slow  growth. 

Malignant  Tumors.  Sarcomata  of  the  iris  may  arise  alone  or  in  con- 
nection with  the  ciliary  body.  (Plate  XIII.,  Fig.  18.)  Those  of  the 
iris  grow  very  slowly  at  first,  appearing  as  pigmented  brown  tumors, 
finally  filling  the  anterior  chamber ;  they  then  grow  back  into  the  ciliary 
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region  and  fill  the  interior  of  the  eye,  breaking  through  the  ocular 
envelopes  and  extending  their  growth  externally.  Sarcomata  of  the 
ciliary  body,  like  those  of  the  u-is  and  choroid,  at  first  give  rise  to 
but  little  inconvenience,  but,  finally,  from  their  size,  cause  pressure 
symptoms,  followmg  the  same  course  as  those  of  the  iris  and 
choroid. 

These  are  more  particularly  described  in  the  chapter  on  Neoplas- 
mata  of  the  Choroid. 

Treatment.    Malignant  growths  of  the  iris  when  very  small  mav 
perhaps  be  excised,  but  it  is  safer  for  the  life  of  the  patient  where 
they  are  of  any  size,  and  in  those  mvolving  the  ciliary  body  to 
remove  the  eyeball  as  soon  as  the  diagnosis  is  made.  ' 
_  Tubercular  tumors  usually  occur  in  children  and  young  adults 
They  generally  begin  as  a  tubercular  iritis,  but  when  the  nodules 
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Fig.  ]68.-Tuberculosis  of  ciliary  body  and  iris  causing  cyclitis,  showing  occlusion  of  pupil  with 
retraction  of  ins  and  deep  anterior  chamber.  Total  posterior  synechia.  (Photograph  from  specimen.) 

Fio.  169.— Tubercular  tumor  of  iris,  anterior  chamber  shallow  from  being  almost  filled  by  neoplasm, 
which  fills  lower  part  ot  posterior  chamber.   (Photograph  from  specimen.) 


enlarge  and  form  tumors,  their  course  is  much  the  same  as  that  of 
malignant  growths,  and  they  are  amenable  to  the  same  treatment— 
i.  e.,  enucleation. 

Gummata  of  the  iris  and  ciliary  body  form  as  yellowish  tumors 
of  somewhat  rapid  growth,  occurring  during  the  course  of  acquired 
or  inherited  syphilis  as  one  of  the  later  manifestations.  (Plate  XIII., 
Fig.  19.)  They  seem  to  be  rapidly  resorbed  on  exhibition  of  mer- 
curial inunctions  and  large  doses  of  iodide  of  potassium. 
:  Very  rare  forms  of  iridic  tumors,  such  as  vasculomata,  myomata, 
and  myosarcomata  from  the  ciliary  muscle,  carcinoma  from  the  pars 
ciliaris  retinse,  and  lepra  nodules,  have  been  reported. 
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Injuries  of  the  Iris  and  Ciliary  Body.  Wounds  and  Foreign  Bodies. 
Penetrating  wounds  of  the  iris  are  complicated  by  woLinds  of  the 
cornea,  and  usually  with  that  of  the  lens  and  ciliary  body.  If  the 
ciliary  body  be  injured,  the  conjunctiva,  the  sclera,  choroid,  retina, 
and  vitreous,  as  well  as  the  iris,  are  usually  affected.  If  the  pene- 
trating body  be  clean,  infection  does  not  take  place,  there  is  usually 
but  little  bleeding,  and  healing  results,  with  damage  dependent  upon 
the  extent  of  the  injury.  If  a  wound  of  the  iris  be  accompanied  by 
infection,  inflammation  results  which  may  extend  to  the  ciliary  body 
and  choroid,  with  resultant  iritis  and  iridochoroiditis.  Sympathetic 
ophthalmitis  may  arise  from  infected  iris  injuries,  but  is  usually 
due  to  those  of  the  ciliary  region. 

Foreign  Bodies  in  the  Iris.  Non-infectious  foreign  bodies  may 
remain  in  the  anterior  chamber,  or  be  encapsulated  in  the  tissue  of 
the  iris  for  a  long  time  without  giving  rise  to  inflammation.  They 
may  be  removed  by  corneal  incision  and  the  iris  forceps,  with  or 
without  section  being  made  of  the  nis.  (Plate  XIII.,  Fig.  15.)  The 
extraction  of  pieces  of  steel  or  iron  from  the  anterior  chamber  by  the 
electromagnet  offers  the  most  promising  prognosis  for  the  operation. 
(These  subjects  are  more  specifically  described  in  the  chapter  on 
Sympathetic  Inflammation.) 

Traumatic  Changes  in  the  Iris.  Lacerations  of  the  iris  usually 
start  from  the  pupil,  and  may  extend  to  the  ciliary  margin,  so  that 
the  pupil  appears  to  be  pear-shaped.  As  a  rule,  the  pupillary  margin 
is  torn  but  little,  and  the  gapmg  can  only  be  discovered  by  careful 
examination.  Such  lacerations  are  the  most  frequent  cause  of  dila- 
tation of  the  pupil,  occurring  after  contusions,  as  they  cause  weak- 
ening or  paralysis  of  the  sphincter,  due  to  laceration  of  its  fibres. 
They  frequently  accompany  simple  cataract  extraction  (without 
iridectomy),  and  are  caused  by  tearing  of  the  iris  in  the  efforts  to 
remove  the  cataractous  lens  through  an  unyielding  pupil.  The  iris 
and  ciliary  muscle  may  also  be  paralyzed  by  contusion,  so  that 
accommodation  is  affected. 

Iridodialysis.  Separation  of  the  iris  from  the  ciliary  body  is  usually 
of  considerable  extent,  involving  even  as  much  as  one-half  of  the 
ciliary  margin;  it  is  usually  single,  but  sometimes  multiple.  In  the 
former  we  find  two  pupils,  in  the  latter  several.  (Plate  XIII.,  Figs. 
13,  14.)  The  portion  of  the  natural  pupil  toward  the  dialysis  is  flat- 
tened. In  the  iridodialysis  we  may  see  the  edge  of  the  lens,  the 
zonule  of  Zinn,  and  the  edges  of  the  ciliary  processes.  As  a  rule, 
the  sight  is  but  little  affected,  although  if  the  dialysis  be  so  great 
that  the  torn  portion  of  the  iris  lies  in  the  visual  line,  central  vision 
may  be  affected.  Monocular  diplopia  may  occur,  on  account  of 
images  being  formed  through  the  several  openings  upon  the  retina. 

Iridiramia  Traumatica.  If  the  iridodialysis  be  of  such  extent  that 
the  iris  becomes  torn  in  its  full  extent  from  its  ciliary  attachment, 
it  may  fall  down  in  the  bottom  of  the  anterior  chamber,  and  later 
shrink  to  an  inconspicuous  gray  mass.  If  rupture  of  the  sclera  in  the 
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ciliary  region  be  produced  at  the  same  time,  the  iris  may  extrude 
or  be  expelled  from  the  eye. 

Inversion  of  the  iris  consists  in  its  being  pushed  and  turned  back 
so  as  to  lie  upon  the  surface  of  the  ciliary  body,  and  it  looks  as  if 
it  were  absent;  partial  dislocation  is  more  frequently  observed,  and 
here  the  iris  seems  to  be  wanting,  a  coloboma  appearing  to  exist. 
Total  inversion  is  very  rare. 

Hyphcemia  or  hemorrhage  into  the  anterior  chamber  is  due  to  and 
generally  accompanies  wounds  of  the  iris.  (Plate  XIII.,  Fig.  16.)  It 
is  particularly  marked  in  contusions  of  the  eyeball  and'm  operations 
on  irides  that  have  been  previously  inflamed.  The  blood  sinks  to 
the  iDottom  of  the  anterior  chamber,  and  disappears  by  resorption 
within  a  few  days,  when  we  may  determine  the  extent  of  the  injury. 
It  is  sometimes  impossible  to  find  a  solution  of  continuity  of  the 
iris  structure.  The  subjective  symptoms  of  hyphemia  depend  upon 
its  extent.  If  excessive,  so  that  the  tension  is  raised,  considerable 
pain  is  complained  of,  and  glaucoma  may  follow. 

Causes  of  Traumatic  Changes  in  the  Iris.    These  are  most  frequently 
non-i)enetrating  blows  upon  the  eye  in  which  two  factors  cause  the 
injury:  1.  The  flattening  of  the  cornea  from  the  contusion,  by  which 
its  circumference  and  also  the  insertion  of  the  iris  become  larger. 
If  this  enlargement  takes  place  suddenly,  the  iris  does  not  adapt 
itself,  and  tears  away  in  places  from  its  insertion,  so  that  iridodialysis 
is  produced.    2.  The  cornea  being  flattened,  pushes  the  aqueous 
backward  against  the  posterior  wall  of  the  anterior  chamber,  which 
in  the  area  of  the  pupil  is  formed  by  the  lens,  and  in  the  rest  of  its 
extent  by  the  iris.    The  latter,  when  pushed  backward,  finds  its 
support  in  the  lens,  except  in  the  marginal  portion  of  the  iris,  where 
the  posterior  chamber  is  deepest;   therefore,  the  periphery  forms 
the  most  yieldmg  spot,  and  is  the  first  to  give  way  before  pressure. 
This  bulges  the  iris  back  as  far  as  the  zonula,  or  even  into  the 
vitreous.    Thus,  a  blow  upon  the  eye  may  produce:  (a)  marked 
stretching  of  the  vitreous  in  a  radial  direction;  (6)  dilatation  of  the 
pupil;  (c)  in  extreme  cases,  rupture  of  the  zonula.    The  first  affec- 
tion may  cause  iridodialysis ;  the  second,  radiating  lacerations  of  the 
sphincter,  and,  consequently,  paralysis  of  the  pupil;  the  third  affection 
subluxation  or  luxation  of  the  lens,  iridonesis,  or  tremulous  iris.  If 
the  edge  of  the  iris  slip  back  over  the  lens,  it  may  produce  mversion 
of  the  iris,  and  the  lens  may  be  luxated  into  the  anterior  chamber. 
Lacerations  of  the  pupillary  edge  may  be  produced  during  the  simple 
operation  for  cataract — i.  e.,  without  iridectomy  where  the  sphincter 
pupilla)  is  rigid  and  does  not  permit  of  easy  passage.  Iridodialysis 
may  also  be  produced  in  operations  upon  the  iris;  if  the  eye  makes 
a  violent  movement  or  the  iris  be  roughly  grasped  with  the  forceps, 
the  iris  has  been  known  to  have  been  entirely  torn  out  during  such 
an  operation.    In  iridectomy  done  for  occ'usion  of  the  pupil,  the  iris 
may  be  toi-n  loose  at  its  periphery  if  the  adhesion  at  the  pupillary 
area  does  not  give  way;  hence  the  iris  ought  always  first  to  be 
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released  from  the  pupillary  membrane  before  it  is  drawn  out  of  the 
wound.  Iridodialysis  may  also  be  caused  by  tumors  of  the  ciliary 
body  pushing  the  iris  away  from  its  insertion.  _  _ 

Treatment.  Treatment  of  the  above-described  injuries  to  the  ins 
(except  penetrating  wounds  of  the'  eye)  depends  largely  upon  the 
extent  of  the  bleeding  (hyphsemia)  within  the  eye.  If  trivial,  the 
injm-ed  eye  may  be  bandaged  for  a  few  days  and  the  patient  kept 
in  bed  to  ensure  absolute  quiet,  so  that  further  bleeding  does  not 
take  place  and  the  deleterious  effect  of  the  contusion  may  not  be 
assisted  by  further  detachment  of  the  retma  occasioned  by  ordinary 
movements  of  the  body.  If  the  hyphemia  be  excessive,  causmg 
tension  and  pain,  paracen-  fio.  170. 

tesis  of  the  anterior  cham- 
ber may  be  necessary. 
Hot  compresses  applied  at 
intervals,  as  in  the  case 
of  iritis,  assist  in  absorp- 
tion of  the  exuded  blood. 
If  an  iridodialysis  can  be 
made  out,  atropine  should 
be  instilled,  so  that  the 
contracting  sphincter  does 
not  draw  the  iris  farther 
away  from  its  attachment. 
It  is  contraindicated  in 
radiating  lacerations,  as  a 
mydriatic  would  make  the 
wound  gape  more.  Iritis 
does  not  usually  follow 
non-penetrating  injuries. 
The  internal  administration 
of  alkaline  purges  and  one 
or  two  pilocarpine  (0.005  to 
0.01  gm.)  sweats  during  the 
first  forty-eight  hours  seem 
materially  to  assist  resorp- 
tion of  blood  in  the  severe 
cases;  iodide  of  potassium 
may  be  given  later. 

Operations  upon  the  Iris. 
Formerly  a  number  of  ope- 
rations were  done  upon  the 
iris,  but  in  modern  practice 
only  three  forms  are  resorted  to:  1.  The  removal  of  a  segment  of  the 
iris  for  enlargement  of  the  pupil.  2.  Removal  of  a  section  of  the  iris 
and  iritic  membrane  where  the  pupil  has  been  closed  by  inflammation. 
3.  Incision  into  the  iris  or  iritic  membrane,  in  order  to  make  a  perma- 
nent opening  or  pupil.  These  operations  involve  incisions  in  the  cornea, 


Position  of  operator's  bands  in  first  stage  of 
Iridectomy.  (Czkrmak.) 


THE  EYE. 
Fro.  171. 

Von  Graefe  linear  knife  (side). 
Pig.  172. 

Von  Graefe  linear  knife  (back). 
Pig.  173. 

Straight  keratome. 
Fig.  174. 


Hfiil  keratome. 
Fig.  175. 

Probe  and  spatula. 
Fig.  176. 

Sharp  Iris  hook. 

Fig.  177. 


Blunt  iris  hook. 
Pig.  178. 


Short  forceps. 
Fig.  179. 


Long,  bent  forceps. 
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Fig.  ISO. 


De  Wecker's  iridotomy  scissors  (front). 


Fig.  183. 


De  Wecker's  iridotomy  scissors  (side). 


Instruments  used  in  operations  on  the  iris  (slightly  reduced).  Other  instruments  required  are 
a  spring  speculum  or  Desmarres'  retractor,  to  keep  the  lids  apart,  and  a  fixation  forceps  to  hold 
the  eyeball. 

and  penetrating  wounds  of  the  eyeball,  which,  if  aseptic,  heal  without 
inflammation;  but  if  septic  are  attended  by  all  the  dangers  of  septic 
penetrating  v/ounds  of  the  eye.  As  sepsis  occurs  in  the  hands  of 
careful  operators  in  but  0.5  per  cent,  of  cases  involving  opening  the 
eyeball,  the  danger  is  comparatively  small. 

Operations  for  Enlargement  of  the  Pupil.  Iridectomy  is  the  removal 
of  a  segment  of  the  iris  for  the  purpose  of  enlarging  the  pupil.  _  The 
method  of  performing  the  operation  is  as  follows  ;  The  patient's 
head,  face,  and  eyes  are  prepared  for  the  operation  as  if  for  cataract 
extraction.  In  eyes  with  considerable  tension,  particularly  in 
inflammatory  glaucoma,  general  anaesthesia  is  advisable,  as  local 
anesthetics  in  these  cases  are  not  sufficiently  penetrating  to  affect 
the  iris;  in  other  cases  local  antesthesia  is  obtained  by  1  per  cent, 
holocaine  solution  or  10  per  cent,  cocaine  solution,  dropped  several 
times  upon  the  cornea.  The  instruments  necessary  are  a  speculum 
or  Desmarres'  retractor,  to  keep  the  eyelids  apart,  a  fixation  forceps 
to  hold  the  eye,  and  other  si)ecial  instruments  mentioned  in  the 
following  description  of  the  operation.    (Figs.  171-183.) 
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At  least  one  skilled  assistant  is  needed.  The  patient  being  pre- 
pared, the  operator  steadies  the  eye  by  seizing  the  conjunctiva  and 
episcleral  tissue  with  fixation  forceps,  either  above  and  behind  the 
Hmbus  and  the  proposed  incision,  or  at  the  inferior  circumference 
below  the  hmbus.  The  incision  may  be  made  either  by  the  Graefe 
lance  knife  or  by  the  keratome.  (Figs.  184  and  185.)  If  with  the 
former,  in  the  same  manner  as  for  cataract  extraction,  except  that 
the  cut  should  be  made  as  near  to  the  plane  of  the  iris  as  possible 
and,  hence,  mostly  in  scleral  tissue.  If  with  the  keratome  the 
knife  is  entered  perpendicularly  until  the  point  is  in  the  anterior 
chamber;  then  the  handle  is  depressed  until  the  blade  lies  parallel 
with  the  plane  of  the  iris,  when  it  is  pushed  forward  until  the  wound 
is  of  the  desired  length,  and  withdrawn  slowly,  being  sawed  from 


Fig.  184. 


Fig.  186. 


FlQ.  184.-Method  of  holding  the  straight  Graefe  knife  for  upward  incision.   (Czermak  ) 

Fig  185.-Method  of  holding  the  bent  lieratome  for  Incision  of  the  upper  corneal  mai^in- 

side  to  side,  so  that  the  ends  of  the  linear  incision  on  the  inner 
surface  of  the  cornea  are  made  slightly  larger,  and  so  that  the  aqueous 
comes  out  slowly.  During  withdrawal  the  instrument  is  pressed 
against  the  posterior  surface  of  the  cornea,  so  as  not  to  injure  the 
iris  or  lens,  which  push  forward  as  the  aqueous  flows  off.  After  com- 
pleting  the  incision,  the  closed  branches  of  the  iris  forceps  are  intro- 
duced into  the  anterior  chamber  and  pushed  onto  the  border  of 
the  pupil ;  the  branches  are  allowed  to  separate,  and  the  fold  of  the 
iris  is_  grasped  gently,  pressure  and  traction  being  made,  which  draw 
the  iris  out  of  the  wound.  At  the  moment  when  it  is  stretched,  it 
is  cut  off  close  to  the  wound  with  the  curved  scissors  or  with  the 
scissors  forceps,  either  by  one  cut  from  above  or  incisions  made  to 
either  side.    The  iris  may  be  withdrawn  by  the  iris  hook,  if  but  a 
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small  section  is  desired,  the  forceps  being  generally  better  ui  glau- 
coma operations,  and  the  iris  hook  in  cataract  or  optical  iridectomy. 
The  ends  of  the  wound  are  freed  from  the  ins,  and  the  spatula 
bemg  introduced  into  the  wound  puts  back  into  the  anterior  chamber 
any  iris  tissue  and  clears  away  the  blood  and  debris.  At  the  com- 
pletion of  the  operation  the  pupil  and  the  coloboma  have  the  shape 
of  a  keyhole. 

The  eye  operated  upon,  and  usually  its  fellow  should  be  lightly 
bandaged,  the  dressings  being  a  semilunar  piece  of  adhesive  plaster 
on  the  upper  eyelid,  to  act  as  a  splint,  steriUzed  vaseline  to  lashes 
to  prevent  them  from  gumming  together,  small  patch  of  lintme  or 
cheese-cloth  to  protect  the  eye  from  the  dry  absorbent  cotton,  which 
is  placed  over  the  eye  and  orbit,  and  over  all  a  wire  mask  made  to 
fit  the  face,  or  a  hght  roller-bandage.  The  first  dressing  need  not 
be  made  for  forty-eight  hours,  when  the  eyelids  are  washed  with 
boric  acid  solution  and  a  light  roller-bandage  applied  to  the  eye 
that  has  been  operated  upon,  the  other  being  protected  by  a  reading 


shade.    Atropine  solution  is  usually  dropped  in  at  this  and  the  sub- 
sequent two  or  tlu-ee  dressings,  which  are  made  at  twenty-four-hour 
intervals,  to  dilate  the  pupil  against  the  possible  occurrence  of  trau- 
matic iritis.    (As  there  is  excellent  filtration  and  hypertension  is  not 
possible  for  a  week  or  more  after  the  corneal  incision,  or  until  the 
wound  has  fully  healed,  atropine  is  not  contraindicated,  even  after 
glaucoma  operations.)    Dark  glasses  should  be  worn  for  several 
weeks,  and  at  the  third  or  fourth  dressing  absorbent  cotton  may 
be  placed  over  the  eye  operated  upon,  and  the  dark  glasses  placed 
over  this.    Incision  for  glaucoma  is  made  in  scleral  tissue  as  close  to 
the  root  of  the  iris  as  possible;  it  should  embrace  at  least  one-fifth 
of  the  limbus.    Incision  for  optical  iridectomy  usually  is  made  in 
corneal  tissue.    The  section  for  glaucoma  and  cataract  extraction 
usually  is  made  upward;  that  for  optical  purposes  downward  and 
inward,  or  in  the  region  of  least  opacity.    (Plate  XIII.,  Figs.  5  6,  7.) 

Indications  for  Iridectomy.  1.  The  most  important  indication 
for  iridectomy  is  increase  of  tension  in  primary  glaucoma  and  in  sec- 
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ondary  glaucoma  resulting  from  exclusio  pupillte,  ectasia  of  the  cornea 
or  sclerochoroiditis  or  iridoclioroiditis.  The  earlier  ,the  operation  is 
performed,  the  better  the  success.  Yet  in  some  cases,  in  order  to 
relieve  pam  and  further  degeneration,  in  ectasis  of  the  eyeball  in 
which  perception  of  light  has  been  abolished,  the  operation  may  be 
c  one  In  iridectomy  made  after  increase  of  tension  the  section 
should  be  made  long,  situated  as  far  back  as  possible  in  the  sclera 
and  the  coloboma  should  be  broad,  and  extend  to  the  ciliary  margin 
ot  the  ins,  for  the  reason  that  the  results  of  iridectomy  for  the  reduc- 
tion of  tension  are  achieved  through  the  establishment  of  filtration 
through  the  scar  tissue  as  well  as  by  the  removal  of  a  portion  of  the 
actual  contents  of  the  eye  in  the  portion  of  iris  that  is  excised  The 
coloboma  is  made  upward,  so  as  to  be  covered  partially  by  the  upper 
lid,  and  the  confusion  due  to  dazzling  thus  lessened. 

2.  Operation  on  account  of  optical  ohdructions.    The  formation  of 
an  artificial  pupil  by  iridectomy  may  be  done  in  cases  where  opacities 
of  the  refractive  media  occupy  the  area  of  the  pupil;  among  these  are 
opacities  of  the  cornea,  membrane  in  the  pupil,  opacities  of  the  lens 
that  are  non-progressive,  in  shrunken  cataracts,  which  do  not  extend 
far  toward  the  periphery,  and  in  subluxation  of  the  lens,  where 
the  pupil  may  be  made  in  front  of  the  part  that  contains  no  lens. 
To  obtain  results,  the  following  conditions  must  be  present:  (a) 
the  retina  and  optic  nerve  should  be  capable  of  functionating; 
(/))  the  opacity  should  be  stationary;  (c)  the  opacity  should  be  so 
dense  that  it  prevents  the  formation  of  distinct  images  upon  the 
retiiia.    These  conditions  are  to  be  ascertained  l\y  proper  obser- 
vation and  examination.    Conti-aindications  to  iridectomy  for  optical 
purposes  are:  (a')  total  absence  of  perception  of  light;  {h')  stra- 
bismus of  the  eye  affected  by  the  opacity  when  the  eye  is  not 
put  in  alignment;  (c')  flattening  of  the  cornea,  which  is  an  evi- 
dence of  iridocyclitis  and  membranous  exudates  upon  the  iris; 
{d')  incarceration  of  the  iris  in  a  cicatrix,  where  the  iris  is  primarily 
attached  to  the  posterior  surface  of  the  cornea.    Iridectomy  for 
optical  coloboma  is  made  preferably  downward  and  inward,  if 
the  media  are  everywhere  equally  transparent,  as  in  the  case  of 
central  cicatrx  of  the  cornea,  pupillary  membrane,  or  perinuclear 
cataract,  as  the  visual  axis  cuts  the  cornea  a  little  to  the  inner  side 
of  the  apex.    In  other  cases  the  coloboma  should  be  made  at  the 
place  where  the  media  are  most  transparent.    Where  only  the  most 
exterior  marginal  portion  of  the  cornea  remains  transparent,  the 
iridectomy  may  be  made  quite  peripheral,  involving  the  root  of  the 
iris;  but,  as  a  rule,  it  is  made  as  narrow  as  possible,  and  only  the 
sphincterial  area  of  the  iris  is  excised.    (Plate  XIII.,  Fig.  7.) 

3.  In  ectatic  cicatrix  of  the  cornea,  iridectomy  is  made  to  cause 
flattening. 

4.  In  recurrent  iritis,  iridectomy  made  during  an  interval  in  which 
there  is  no  inflammation  sometimes  prevents  recurrences. 

5.  In  fistula  of  the  cornea,  in  cases  where  some  trace  of  the  anterior 
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chamber  has  been  restored,  iridectomy  allows  of  the  formation  of 
a  firm  cicatrix  by  temporarily  reducing  the  tension. 

6.  In  the  case  of  foreign  bodies  and  small  tumors  of  the  iris,  which 
sometimes  can  only  be  removed  by  removing  the  part  of  the  iris  in 
which  they  occur. 

7.  Iridectomy  is  done  by  some  operators  under  nearly  all  circum- 
stances in  operating  for  cataract  as  they  do  the  "combined"  opera- 
tion; in  other  cases,  where  delivery  of  the  lens  is  mipossible  or  diffi- 
cult, on  account  of  rigidity  of  the  sphincter  or  a  very  large  nucleus, 
it  is  necessary  to  excise  a  portion  of  the  iris.  In  these  cases  only  a 
small  sector  should  be  removed,  and  tliis  should  involve  only  the 
sphincterial  area.  These  operations  are  made  upward,  as  prelim- 
inary to  the  operation  for  cataract.  Many  operators  perform  pre- 
liminary iridectomy  two  or  three  weeks  before  removal  of  uncom- 
phcated  cataracts.  Iridectomy  should  always  be  done  in  dealing 
with  cataracts  complicated  with  synechia,  increase  of  tension,  etc. 

8.  After  excising  the  iris,  the  opacity  has  been  found  to  mature 
more  rapidly,  especially  if  the  lens  fibres  be  massaged  through  the 
cornea. 

Operations  for  Occlusion  of  the  Pupil.  1.  Removal  of  a  Portion 
OP  THE  Iris  and  Iritic  Membrane.  Iritobctomy.  (Fig.  187.)  Oc- 
cluded pupils  may  be  opened  after  the  method  of  de  Wecker  by  an 
incision  through  the  cornea,  after  which  the  forceps  scissors  are  passed 
into  the  wound,  one  blade  being  forced  through  the  iris  tissue  and 
the  other  remaining  in  the  anterior  chamber;  a  snip  is  then  made 
and  repeated  twice,  so  that  a  triangular  section  of  the  iris  is  cut 
out  and  removed  with  the  forceps  or  iris  hook. 


Fig.  187.— Iritoectomy.   a-6.  Corneal  incision,   a-d,  b-d.  Iris  incisions,   (db  Weckkr.) 
Fig.  188.— Iridodlalysis.   a-6.   Corneal  incision.  f-e,f-h,e-g.   Iris  incisions,    (de  Wecker.) 


Iridodialysis  (Fig.  188)  as  an  operative  procedure  is  done  by  a 
horizontal  incision  through  the  cornea  with  the  Graefe  knife  or  the 
keratome.  The  iris  being  divided  horizontally  at  the  same  time, 
the  forceps  scissors  are  then  introduced,  cutting  the  iris  on  either 
side  of  the  wound  to  the  sclerocorneal  margin;  the  flap  thus  cut  is 
then  torn  out  by  grasping  it  with  the  iris  forceps  or  sharp  hook. 
This  is  a  more  dangerous  operation  than  the  preceding. 

2.  Incision  of  the  Iris  and  Iritic  Membrane.  Iridotomy  consists 
in  simply  dividing  the  iris  without  excising  a  piece.  The  incision 
into  the  iris  is  adapted  only  for  those  cases  in  which  no  lens  is 
present;  for  instance,  as  an  after-operation  for  cataract  cases  in  which 


Fig.  187. 


Fig.  188 
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the  pupil  has  become  closed  by  subsequent  iridocyclitis.  The  opera- 
tion is  done  by  passing  the  Graefe  knife  perpendicularly  through 
the  cornea,  rotating  it  90  degrees,  making  a  horizontal  incision 
through  the  iris.  (Fig.  189.)  The  edges  of  the  opening  retract,  leav- 
ing the  new  pupil  more  or  less  circular. 

Fig.  189. 

c.  Iris  incision.    (nE  Wecker.) 

3.  Staphylotomy  for  opening  a  closed  pupil,  caused  by  incarcera- 
tion of  the  iris  in  a  corneal  cicatrix,  is  done  by  a  sweep  of  the  Graefe 
knife  through  the  anterior  chamber.    (Fig.  190.) 

Sphincterolysis  anterior  (Fig.  191)  is  done  by  transfixing  the 
ectasia  by  one  Graefe  knife,  anothei-  being  passed  into  the  eye  and  swept 
around,  dividing  the  iris,  and  producing  a  more  or  less  irregular  pupil 

FlQ.  191. 

It 

Sphincterolysis  anterior.  (Schulek.) 

Formerly  other  operations  were  practised,  such  as  iridesis  which 
consisted  in  moving  the  pupil  to  one  side  by  allowing  the  iris  to 
become  incarcerated  in  a  corneal  incision,  and  corelysis  or  division 
of  posterior  synechias ;  but,  as  their  results  are  dangerous,  or  the 
operations  are  unnecessary,  they  have  fallen  into  disrepute.  As 
operations  done  for  opening  occluded  pupils  are,  as  a  rule,  made 
through  pathological  products  or  diseased  irides,  their  results  are 
often  only  temporary,  the  artificial  openings  closing  later  from 
recurrence  of  inflammation.  Operative  procedures  may  have  to  be 
repeated,  and  often  are  made  in  vain. 

The  after-treatment  of  the  foregoing  operations  is  similar  to  that 
following  iridectomy. 


Irldotomy.   a.  Corueal  incision. 
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Anomalies  of  the  Choroid. 

A.  The  AlhiiioUc  Fundus  ;  (Type  I.,  see  Plate  XII.,  E). 

B.  The  Tessellated  Fundus  ;  (Type  II.,. see  Plate  XII.,  F). 

C.  The  Negroid  Finid\is ;   (Type  III.,  see  Plate  XII.,  G). 

D.  The  Yellow  Fundus;  (Fundus  Flavus,  Oeller). 

E.  Sarcoma  Choroidea: ;  V=-6l2X  \  (Heuiianopic  Field,  see  Fig.  197). 

F.  Colobouia  Choroidea;  Centralis  ;  (Oeller)  (Central  Scotoma). 
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DISEASES  OF  THE  CHOROID.    CONGENITAL  ANOMALIES. 

Variations  in  the  Color  of  the  Fundus.  Aside  from  the  three 
types  of  fundus  due  to  variations  in  the  pigment  cells,  there  may  be 
congenital  absence  of  pigment  in  albinism.  Such  a  fundus  is  shown 
in  Plate  XIV.,  A.  On  account  of  the  lessened  contrast  between  the 
optic  nerve  and  other  parts  of  the  fundus,  the  nerve  head  appears 
of  a  dark  reddish-gray  color;  not  only  the  retinal,  but  all  the  large 
vessels  of  the  choroid  are  readily  seen.  Such  persons  have  yellowish- 
white  fiaxen  hair,  white  eyebrows  and  lashes,  and  their  eyes  are 
photophobic,  visual  acuity  is  reduced,  and  nystagmus  is  constantly 
present,  and,  as  a  rule,  there  are  strabismus  and  myopia.  Such  a  case 
affords  a  decided  contrast  from  that  of  the  negroid  type.  (Plate 
XIV.,  C.) 

Treatment.  Correction  of  the  refraction  and  the  use  of  shaded 
glasses,  to  protect  the  eye  from  brilliant  light.  Even  with  such 
assistpaice,  such  patients  are  usually  unable  to  pm'sue  ordinary 
vocations. 

According  to  the  disposition  of  the  choroidal  pigment,  the  fundus 
takes  on  more  or  less  color,  as  in  the  several  distinct  types  noted  in 
Plate  XIV.,  A,  B,  C,  D.  The  result  of  inflammations  is  frequently 
an  increase  in  and  deposit  of  the  choroidal  pigment  in  spots,  and 
from  this,  great  changes  in  the  appearance  of  the  eyes  are  ob- 
served. 

Coloboma  of  the  Choroid.  This  anomaly  (Plate  XV.,  F)  is  due  to 
a  circumscribed  defect  in  the  choroid  resulting  from  failure  of  closing 
of  the  foetal  cleft,  usually  in  the  retina,  generally  situated  below  the 
optic  disk.  If  unaccompanied  by  coloboma  of  the  ciliary  body  and 
of  the  iris,  it  may  be  of  an  oval  shape;  if  with  that  of  the  ciliary 
region  and  of  the  iris,  it  is  that  of  a  triangle  with  the  apex  directed 
toward  the  papilla.  Such  eyes  have  a  large  sectorial  defect  in  the 
visual  field  in  the  upper  portion,  and  the  central  visual  acuity  is 
usually  less  than  normal.  (Fig.  193.)  Coloboma  of  the  choroid  is 
associated  usually  with  other  anomahes  of  development,  commonly 
with  microphthalmos  and  coloboma  of  the  iris.  Nearly  all  such  eyes 
are  hyperopic. 

A  somewhat  rare  form  of  coloboma  is  a  defect  in  the  choroid  at 
the  region  of  the  macula  lutea  (Plate  XIV.,  F),  and  with  this  there 
is  generally  defect  of  the  retina  at  this  point,  and  consequent  central 
scotoma.  All  such  cases  that  I  have  seen  have  been  associated 
with  optic  nerve  atrophy  and  evidence  of  prenatal  choroiditis.  In 
both  forms  of  colobomata  the  edges  are  sharply  defined  and  com- 
monly bordered  by  pigment.  The  bloodvessels  pursue  a  very  irregu- 
lar course,  the  retinal  vessels  usually  avoiding  the  cololDoma  in 
running  along  its  edges. 

Treatment.  There  is,  of  course,  no  treatment  for  these  defects, 
but  errors  of  refraction  may  be  neutralized  to  advantage. 
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Inflammatory  Diseases.  HypercBtnia  of  the  choroid  is  not  in  itself 
recognizable  as  a  lesion  or  a  symptom;  as  it  is  the  first  stage  of 
inflanunation,  it  undoubtedly  is  an  accompaniment  of  most  choroidal 
affections. 

Choroiditis  may  be  exudative  or  suppurative. 

Choroiditis  Exudativa.  Acute  exudative  choroiditis  is  charac- 
terized by  isolated  foci  of  inflammation  scattered  over  the  fundus, 
appearing  upon  ophthalmoscopic  examination  as  indistinctly  out- 
lined yellowish  spots  lying  beneath  the  retinal  vessels  in  the  red 
fundus.  (Plate  XV.,  A.)  These  are  due  to  infiltration  of  the  cho- 
roidal substance  with  exudation,  hiding  the  choroidal  vessels;  the 
overlying  retina  usually  is  involved,  and,  being  clouded,  covers  the 
choroidal  mass  with  a  faint  grayish  veil.  Isolated  hemorrhages  may 
appear  in  the  choroidal  stroma  or  under  the  retina.  The  exudates 
may  pass  not  only  into  the  retina,  but  also  into  the  vitreous ;  thus 
opacities  of  the  vitreous  are  almost  always  constant  accompaniments 
of  choroiditis,  and  the  disease  is  really  a  compound  affection. 

Deposits  upon  the  posterior  surface  (descemitis)  of  the  cornea  in 
a  large  number  of  cases  of  apparently  simple  exudative  choroiditis 
show  that  the  disease  is  a  true  uveitis,  and  is  not  limited  to  the 
choroid  ijroper. 

Symptoms.  Subjectively,  the  patient  complains  of  loss  of  visual 
acuity  and  of  floating  spots,  which  are  due  to  complete  or  partial 
scotomata  from  implication  of  the  retina  and  vitreous,  and  of  flashes 
of  light,  and  photophobia,  due  to  irritation  of  the  retina.  As  there 
are  no  sensory  nerves  in  the  choroid,  there  is'  no  pain  in  uncompli- 
cated cases. 

The  limitation  of  vision  both  as  regards  visual  acuity  and  the 
visual  field  is  not  a  prominent  symptom ;  indeed,  severe  inflamma- 
tion may  be  present  without  these  visual  factors  being  appreciably 
affected,  until  the  chronic  stage  or  that  of  atrophy,  where  degenera- 
tive spots  and  increase  of  pigment  appears,  and  the  retina  and  optic 
nerve  become  involved;  then  the  visual  acuity  and  field  suffer. 
(Fig.  194.) 

Course.  While  the  course  of  choroiditis  is  essentially  chronic,  it 
may  be  subdivided  into  an  acute  stage,  marked  by  inflammation  and 
exudation,  which  last  for  several  weeks  or  months,  and  the  chronic 
stage,  or  that  of  atrophy,  which  lasts  for  months  or  years. 

The  chronic  stage,  or  that  of  atrophy,  presents  a  radically  different 
picture:  As  the  exudates  become  resorbed,  the  spots  become  more 
prominent  and  lighter  in  color,  and  gradually  a  white  spot  is  formed 
as  the  choroidal  stroma  atrophies,  which  is  due  to  the  white  sclera 
showing  through.  In  some  cases  the  remains  of  the  vessels  and  the 
pigment  may  be  recognized  in  the  white  cicatrix.  The  pigment 
generally  proliferates  around  the  edges  of  these  scars,  so  that  the 
choroiditic  plaques  appear  lined  with  black,  or  covered  with  black 
spots.  (Plate  XV.,  B.)  The  visual  acuity  and  the  field  suffer 
greatly. 


E  F 

Types  of  Choroidal  Diseases. 

A.  Choroiditis  Disseminata  Acuta  (Oeller),  (visiis  =  — 6/vi  ;  no  Scotoma).  B.  Choroiditi.s  Disseminata 
Chronica  (Oeller),  Cum  Atrophia  Nervi  Optici  et  Retina;  Partialis  (v  =6/xxiv;  Scotomata  and  Contrac- 
tion of  Visual  Field,  see  Fig.  194).  C.  Choroiditis  Centralis  Senilis  cum  Sclerosis  Vasorum  (v  =  — 6/lx  ; 
Central  Scotoma,  .see  Fig.  192).  D.  Choroiditis  DilTusa  cum  Atrophia  Retinoe  et  Nervi  Optici  Partialis 
(v-=6/i.x;  Form  Field  Large,  Ring  Scotoma,  no  perception  of  colors,  see  Fig.  195).  E.  Ruptura 
Choroideie  Staphyloma  Posticum  (v  =  counting  fingers  at  3,00;  v.  p.  Paracentral  Scotoma  and  Enlarged 
Blind  Spot).  F.  Coloboma  Choroideie,  Large  Upward  Defect  in  Visual  Field,  see  Fig.  193.  This  case  al.so 
had  Coloboma  of  the  Iris. 


PLATE  XVI. 


NORMAL  OPTIC  NERVE  ENTRANCE.  POSTERIOR  CHORIOIDAL  STAPHYLOMA 

WITH  SICKLE-SHAPED  CONUS. 

A.  OpIUlwilmosropIc  view. 

B.  Dlngr.iminjtlc  soctio.i.  °-   Ophthalmoscopic  view. 

D.    Diagrammatic   soction,  showing  retfaction  of 
the  chorioid. 


RING  CONUS.  LARGE  SEMILUNAR  CONUS 

The  Optic  Nerve  Entrance  in  its  Relation  to  the  Choroid. 
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Etiology.  Exudative  choroiditis  is  a  frequent  disease,  and  is  seen 
at  all  ages.  Its  causes  are  local  irritations  and  disturbances  of  the 
nutrition  of  the  eye,  due  to  eyestrain,  errors  of  refraction,  irritation 
due  to  exposure  to  bright  light,  and  to  general  disturbances  of  nutri- 
tion, such  as  anaemia  and  chlorosis.  Thus  it  is  accompanied  by 
general  diseases,  particularly  syphilis  and  scrofula. 

Myopia  of  high  degree  is  accompanied  also  by  changes  in  the 
choroid  less  of  inflammatory  character  than  of  atrophic;  these  are 
caused  by  stretching  and  tearing  of  the  choroid  at  the  optic  nerve 
entrance.    (Plate  XVI.) 

In  moderate  degrees  of  myopia,  from  — 5  D.  to  — 6  D.,  as  a  rule, 
only  one  side  of  the  optic  nerve  entrance  is  affected,  forming  a  conus 
(Plate  XVI.,  F) ;  m  severe  degrees  the  posterior  section  of  the  eye- 
ioall  bulging  backward,  the  choroid  retracting  considerably  with  the 
sclera,  forms  not  only  conus,  but  also  posterior  staphyloma.  (Plate 
XVI.,  C,  D,  E,  and  Plate  X^'.,  E.)  Such  cases  are  accompanied  by 
locahzed  choroiditis  at  the  edges  of  the  coloboma,  with  increase  in 
the  choroidal  pigment  ring  ;  changes  hkewise  occur  at  the  macula, 
and  the  pigment  granules  of  the  retina  are  more  or  less  absorbed, 
allowing  the  intravascular  pigment  of  the  choroidal  stroma  to  show. 
An  eye  affected  by  choroiditis  of  any  degree  of  severity  always  loses 
more  or  less  of  its  function,  as  may  be  determined  by  careful  exami- 
nation of  the  visual  acuity  and  of  the  field. 

Treatment.     The  treatment  of  choroiditis  is  that  of   its  cause. 
Eyestrain  should  be  reheved  by  proper  lenses  and  unhygienic  habits 
corrected ;  particularly  is  this  the  case  in  myopia,  where  full  correc- 
tion of  the  error  should  be  given  for  distance,  and  the  ciliary 
muscle  favored  by  weaker  lenses  for  the  near.    In  most  cases  the 
glare  of  light  should  be  mitigated  by  the  wearing  of  smoked  glasses. 
In  acute  cases  atropine  solution  of  sufficient  strength  and  often 
enough  to  suspend  accommodation  should  be  instilled  into  the  eye. 
Hot  compresses  favor  resorption  of  exudates,  and  may  be  used  three 
or  four  times  a  day  for  half  an  hour  at  a  time.    Injection  of  salt 
solution  under  the  conjunctiva  is  used  for  the  same  reason.  In  acute 
choroiditis,  extraction  of  blood  by  the  natural  or  artificial  leech, 
apphed  on  the  mastoid  process  over  the  emissary  vein  of  Santorini, 
which  comes  from  the  cavernous  sinus,  into  which  the  ophthalmic 
veins  pour  their  contents,  is  useful.    In  the  chronic  stage,  massage 
of  the  eye  with  the  finger-tips  once  or  twice  a  day  for  five  minutes 
at  a  time  stimulates  metabolism.    The  general  treatment  should  be 
directed  against  the  exciting  cause;  disturbance  of  nutrition  from 
anaemia  should  be  met  by  exhibition  of  iron  and  arsenic,  proper  diet, 
and  regimen.    When  the  disease  is  accompanied  by  the  rheumatic 
or  uric  acid  diathesis,  administration  of  sodium  salicylate  (0.50  to 
0.1  gm.  three  times  daily),  or  oil  of  wintergreen  (0.30  to  0.50  c.c.)  is 
inrUcated.  Cystogen  or  urotropin  (0.30  gm.  three  times  daily)  rapidly 
relieves  the  system  of  uric  acid.    When  the  patient  is  scrofulous, 
alteratives,  tonics — i.  e.,  mercury,  gold,  arsenic,  and  iodide  of  iron 
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with  cod-liver  oil— should  be  exhibited.  If  the  local  lesion  bo  a 
symptom  of  syphilis  in  the  acute  stage,  mercurial  inunctions  will 
often  produce  a  quick  effect;  the  salts  of  mercury,  gold,  and  arsenic 
seem  to  be  specifics  for  this  affection;  iodide  of  potassium  is  par- 
ticularly serviceable  in  resorbing  exudates  in  the  retina  and  vitreous. 
Diaphoresis  by  vapor  baths  and  pilocarpine  are  of  use  when  properly 
carried  out. 


J'lG-  192.  PiQ.  193. 


Fia.  192.— Central  absolute  and  relative  scutoma  due  to  hemorrhage  in  syphilitic  cliorioretiuilis 
(Plato  XIV.,  E);  also  typical  of  choroiditis  centralis  seulHs  (Plate  XIV.,  C).  (Visus  =  objects  in 
periphery  of  field  ;  no  central  vision.) 

Fig.  193. — Sectoral  contraction  due  to  choroidal  coloboma,  and  enlarged  blind  spot  from  posterior 
staphyloma.    (Visus  =-  C/.\xiv.) 
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Fig.  196.  S^G.  197. 


Fig.  196.— Great  contraction  in  chorioretinitis  pigmentosa.    (Visus  =  6/xii.) 

Fig.  197.— Sectoral  contraction  simulating  vertical  hemianopia  in  sarcoma  of  choroid  in  first 
stage.   (Visus  =  6/xxxvi.) 


Varieties  of  Exudative  Choroiditis.  Aside  from  the  distinction  pf 
recent  and  old  choroiditis,  certain  well-defined  forms  are  to  be  dif- 
ferentiated : 

1.  Choroiditis  centralis  is  characterized  by  changes  occurring  in 
the  region  of  the  macula  lutea,  causing  disturbance  of  central 
vision  from  central  scotoma,  with  resultant  diminished  visual  acuity. 
(Fig.  192.)  The  most  common  form  is  that  occurring  in  old  people, 
affecting  both  eyes  about  equally,  and  is  referable  to  senile  changes 
due  to  sclerosis  of  the  central  vessels.  In  yomig  people  sclerosis  of 
the  vessels  is  not  seen.  In  some  cases  there  is  considerable  deposit 
of  pigment  as  well  as  atrophy  of  the  choroid.    (Plate  XV.,  C.) 

2.  Choroiditis  Areolaris.   The  first  foci  develops  in  the  vicinity  of 
the  fovea,  while  subsequent  ones  make  their  appearance  at  con- 
stantly increasing  distances  from  the  latter.    The  most  recent  spots 
are  entirely  black,  and  afterward  slowly  enlarge,  at  the  same  time 
becoming  decolorized  in  the  centre,  at  last  becoming  almost  entirely 
white.    One  or  two  isolated  spots  may  be  seen  in  other  portions 
of  the  fundus.    This  is  perhaps  a  variety  of  the  disseminated  form. 
Myopia  of  high  degree  is  accompanied  usually  by  changes  in  the 
fovea.    The  acute  form  of  macular  choroiditis  is  found  most  often 
in  syphilis ;  this  subsequently  degenerates  into  atrophy,  with  increase 
of  pigment  deposit.    Injuries,  such  as  contusions,  entry  of  fore'gn 
body  into  the  vitreous,  burning  of  the  macula  from  direct  exposure 
to  the  sun's  rays,  as  in  observing  an  eclipse  and  electric  light  flashes, 
are  liable  to  develop  macular  disease.    The  macular  region  of  the 
retina  and  of  the  choroid  is  a  vulnerable  spot,  and  is  affected  readily 
by  local  or  general  diseases.    Injury  to  it  has  a  most  deleterious 
effect  upon  the  visual  act,  causing  central  scotoma  and  great  loss 
of  visual  acuity.    (Figs.  192,  194,  and  195.) 
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3.  Choroiditis  disseminata  is  characterized  by  numerous  round  or 
irregular  spots  scattered  over  the  fundus,  composed  of  isolated  in- 
flammatory foci  which  at  first  look  whitish,  being  accompanied  by 
disease  of  the  overlying  retina.  (Plate  XV.,  A.)  Some  of  these 
spots  progress  to  atrophy,  with  increase  of  the  retinal  and  choroidal 
pigment,  while  fresh  ones  appear,  so  that  ultimately  the  eyeground 
appears  studded  over  with  the  plaques,  and  in  old  cases  a  large 
portion  of  the  fundus  looks  whitish.  In  the  begmning  the  optic  nerve 
and  retina  usually  are  involved  in  the  hyperaemia,  and  the  nerve 
looks  reddish;  ultimately  atrophy  of  both  the  nerve  and  retina  takes 
place.  (Plate  XV.,  B.)  When  many  of  the  spots  become  confluent, 
the  whole  background  of  the  eye  ma)^  appear  mottled  and  present 
a  peculiar  jjicture,  resembling  choroiditis  diffusa.  In  the  acute 
stage  the  visual  acuity  and  the  visual  fieltl  suffer  but  little,  so  that 
nearly  normal  vision  exists,  the  patient  complaining  mostly  of 
dazzling  and  flashing  of  light,  and  asthenopia.  As  this  is  an  essen- 
tially chronic  disease,  it  ultimately  progresses  to  amblyopia.  From 
the  changes  taking  place  in  the  retina  and  optic  nerve,  there  are 
usually  scotoma  and  contractions  of  the  visual  field,  with  reduction 
of  the  visual  acuity.    (Fig.  194.) 

4.  Choroiditis  anterior  is  characterized  by  exudation  at  the  pe- 
riphery of  the  choroid,  the  fundus  being  here  studded  with  roundish 
ink-black  opacities.  It  is  found  in  myopes  of  high  degree,  and  some- 
times as  an  accompaniment  of  syphilis.  In  old  people  pigmentary 
changes  are  frequently  found  in  the  anterior  jrortion  of  the  choroid. 
It  is  sometimes  a  complication  of  retinitis  pigmentosa. 

5.  Choroiditis  Diffusa.  In  recent  cases  the  retina  and  vitreous 
appear  cloudy,  and  circumscribed  exudates  are  pr&sent  in  the  retina 
and  choroitl,  occupying  mainly  the  region  of  the  macula.  I^ater  on, 
those  ajipear  as  dirty  light-gray  irregular  i)atches,  and  in  the  last 
stages  the  general  cloudiness  of  the  media  disappears,  being  replaced 
by  atrophy  in  the  retina  and  choroid,  into  which  migration  of  pig- 
ment takes  place.  (Plate  XV.,  D.)  This  is  a  disease  characteristic 
of  syphilis,  and  has  been  described  under  the  name  of  choroiditis 
syphilitica.  The  visual  acuity  and  field  suffer  greatly,  color  vision 
particularly  being  affected.    (Fig.  195.) 

6.  Tubercular  deposits  rarely  occur  in  the  choroid ;  they  present  the 
picture  of  yellowish- white  plaques,  over  which  the  retina  appears 
grayish  and  infiltrated.  (Plate  XVII.,  A.)  These  ultimately  degen- 
erate into  atrophy,  pursuing  much  the  same  course  as  the  dissem- 
inated form. 

7.  Changes  in  the  choroid  in  myopia  consist  (a)  in  retraction  of 
the  choroid  and  atrophy  at  the  border  of  the  optic  disk.  This  first 
appears  as  a  crescentic  patch  at  the  outer  border  of  the  papilla, 
being  caused  by  the  head  of  the  nerve  being  pulled  toward  the  temporal 
side.  Later  on,  the  scleral  canal  enclosing  the  nerve  is  so  pulled 
and  gets  such  a  slant  that  upon  ophthalmoscopic  examination  it 
comes  into  view  through  the  transparent  tissue  of  the  papilla,  ap- 
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Diseases  of  the  Choroid  affecLing  line  Retina  and  Vitreous. 

A.  Choroiditis  Tuberculosa  Miliaris. 

B.  Hyalitis  et  Choroiditis  Suppurativa  (Pseudocilioma). 

C.  Ciiorio-retinitis  Anuta. 
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pearing  as  a  white  crescent  close  to  the  temporal  border  (Plate  XV., 
E,  and  Plate  XVI.,  F) ;  this  is  called  conus.  At  this  time  a  reflex 
may  be  seen  in  some  cases  at  several  disk  diameters  temporally  from 
the  nerve  head,  which  is  a  characteristic  symptom  of  progi-essive 
myopia,  the  curvilinear  line  of  Weiss.  As  the  myopia  progresses 
the  retraction  extends  around  the  nerve,  forming  a  band  of  white 
tissue— ring  conus.  (Plate  XVI.,  E.)  If  the  retraction  extends 
further,  uiflammatory  changes,  with  consequent  atrophy,  take  place, 
resulting  in  bulging  back  of  the  ball  or  posterior  staphyloma. 
(Plate  XVI.,  C.)  (6)  High  myopia  is  likewise  accompanied_  by 
inflanmiatory  changes  about  the  macula,  such  as  have  been  described 
under  the  heading  of  Choroiditis  Areolaris. 

Complications.  In  mild  cases  of  choroiditis,  the  retina  and  optic 
nerve  may  become  hypersemic.  When  the  affection  is  due  to  eye- 
strain, the  cause  may  quickly  be  relieved  by  correction  of  the  refrac- 
tion, and  thus  the  retina  and  optic  nerve  acquire  no  pronounced 
defects;  but  if  choroidal  disease  exists  for  any  length  of  time,  or  is 
severe,  incidental  inflammation  and  subsequent  atrophy  of  the  optic 
nerve  and  retina  occur,  with  subsequent  diminution  of  vision.  Thus 
it  is  that  most  cases  of  choroiditis  are  a  chorioretinitis.  (Plate 
XVII.,  C.)  The  choroid  hkewise  is  generally  involved  in  cyclitis  and 
iritis,  which  are  accompanied  by  hypersemia  or  ulimate  degenerative 
changes  in  the  choroid.  Iridochoroiditis  has  thus  been  described_  as 
a  special  disease.  The  vitreous  is  generally  involved  in  exudative 
choroiditis,  and  the  results  of  choroidal  inflammation  and  exudation 
are  to  be  seen  therein  in  opacities  of  the  vitreous. 

Choroiditis  Suppurativa.  Suppurative  choroiditis  may  originate 
in  the  choroid,  being  evident  at  first  by  a  local  exudation  containing 
numerous  cells  and  pus  germs.  The  inflammation  extends  to  the 
retina  and  vitreous,  and  at  this  stage  may  be  seen  through  the  pupil 
as  a  yellowish  mass  in  the  fundus,  or  later  as  a  yellowish  reflex. 
(Plate  XVII.,  B.)  The  inflammation  becomes  violent,  implicating 
the  ciliaiy  body  and  iris,  and,  finally,  all  the  structures  of  the  eye, 
causing  panophthalmitis. 

Symptoms.  There  are  but  few  mild  cases,  but  in  these  or  in  the 
beginning  of  suppurative  choroiditis,  although  the  inflammation 
proper  is  confined  to  the  uvea  itself,  the  media  become  clouded,  and 
fundus  examination  is  limited  to  the  perception  of  a  yellowish  glim- 
mer. The  vision  is  greatly  diminished,  there  is  pain,  and,  on  account 
of  the  iritis,  congestion  is  present.  There  may  be  slight  rise  of 
temperature.  In  the  graver  cases  the  inflammatory  symptorns 
progress  to  severe  implication  of  the  ocular  structures,  violent  pain 
is  present,  and  sight  is  completely  lost;  hyperpyrexia  likewise  occurs. 

Course.  In  the  beginning  there  is  hypertension,  o\^dng  to  exu- 
dation; the  eyeball  softens  later,  and  finally  atrophies.  In  severe 
cases  the  conjunctiva  and  eyelids  become  oedematous,  and  the  con- 
junctiva often  so  chemosed  that  it  projects  between  the  lids,  which 
can  be  with  difl[iculty  forced  open.    In  violent  cases  the  eyeball 


378 


THE  EYE. 


protrudes  and  becomes  immovable,  from  infiltration  of  Tenon's  cap- 
sule and  the  orbital  contents;  pain  becomes  intolerable  and  tor- 
menting photopsiaj  are  present;  high  fever  exists  and  vomiting 
occurs;  the  inflammation  may  extend  to  the  brain,  and  suppurative 
meningitis  result.  The  symptoms  increase  until  the  purulent  exu- 
dation in  the  eye  makes  an  exit,  a  perforation  of  the  sclera  usually 
taking  place  in  the  anterior  portion;  the  conjunctiva  and  sclera 
bulge  forward;  the  purulent  contents  slowly  extrude,  the  pain  then 
ceases,  and  after  six  or  eight  weeks  the  eyeball  shrinks  to  a  small 
stump  (phthisis  bulbi). 

Etiology.  Choroiditis  suppurativa  is  produced  by  infection  of  the 
choroid  from  pyogenic  matter: 

1.  Edogenous  infection  may  arise  in  the  choroid  itself  or  from 
the  outside:  (a)  Penetrating  injuries  and  infected  operative  pro- 
cedures involving  opening  of  the  eyeball  are  the  most  frequent 
causes,  (b)  The  passage  of  suppuration  from  without  inward  in 
perforating  ulcer  of  the  cornea  and  prolapse  of  the  iris,  (c)  Infection 
may  pass  in  from  corneal  or  sclerotic  cicatrices,  with  incarcerations 
of  the  iris.  The  germs  enter  from  a  lesion  in  the  epitheUum  cover- 
ing the  cicatrices  or  by  sudden  stretching  or  bursting  open  of  the 
latter. 

2.  Endogenous  infection  occurs:  (a)  Through  embolism  from 
pyogenic  substances  passing  from  the  "general  circulation  into  the 
vessels  of  the  choroid,  becoming  there  arrested,  and  developing 
metastatic  choroiditis.  This  is  a  symptom  of  pytemia.  The  most 
frequent  form  is  seen  in  puer|)eral  fever.  It  also  occurs  from  infec- 
tive suppurating  glands,  such  as  chancroidal  buboes,  (h)  By  extension 
of  the  inflannuation  from  the  meninges,  jjarticularly  in  the  cerebro- 
spinal form.  The  cases  occur  chiefly  in  children,  and  are  distinguished 
by  their  com])arativeIy  miUl  course,  so  that  in  rare  cases  some  small 
degree  of  sight  may  be  obtained,  (c)  By  extension  of  the  inflannna- 
tion  from  behind  in  phlegmonous  inflammation  of  the  orbit  and 
thrombosis  of  the  orbital  veins. 

Prognosis,  The  prognosis  of  suppurative  choroiditis  is  very  un- 
favorable. In  practically  all  cases  the  sight  is  lost.  In  most  cases 
the  result  is  atrophy  of  the  eyeball,  and  where  the  choroiditis  is  but 
one  of  the  symptoms  of  pytemia  or  meningitis  the  life  of  the  patient 
is  jeopardized. 

Treatment.  No  medication  can  change  the  course  of  suppurative 
choroiditis.  It  is  confined  to  ameliorating  the  patient's  suffering. 
The  pain  may  be  combated  with  hot  compresses  and  narcotics. 
If  the  case  progresses  to  panophthalmitis,  free  incision  of  the 
sclera  in  its  anterior  portion  diminishes  the  tension  by  allowing 
evacuation  of  the  suppurating  contents,  and  thus  the  pain  and  prog- 
ress of  the  disease  are  cut  short.  When  the  eye  becomes  shrunken, 
it  usually  remains  quiescent;  but  in  some  cases  further  degeneration, 
such  as  calcareous  deposits,  occurs,  causing  irritation  of  the  ciliary 
nerves  and  sympathetic  irritation  in  the  other  eye. 
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While  an  artificial  eye  might  be  worn  over  the  resultant  stump, 
still  the  irritation  caused  by  the  shell  may  give  rise  to  secondary 
symptoms.  Although  it  has  been  customary  to  do  prosthesis  over  a 
shrunken  stump,  the  danger  from  sympathetic  irritation  should  be 
considered,  and  enucleation  should  be  practised. 

Enucleation  in  the  height  of  panophthalmitis  should  not  usually 
be  done,  except  in  cases  where  phlegmon  of  the  orbit  is  likewise 
developed  and  where  it  is  necessary  to  obtain  thorough  drainage. 
Suppurative  meningitis  has  been  reported  as  occurring  after  enu- 
cleation for  panophthalmitis,  but  also  several  cases  have  been  reported 
of  fatal  meningitis  succeeding  a  panophthalmitis  in  which  enucleation 
was  not  practised.  The  general  treatment  should  be  that  adopted 
for  septicemia  or  pysemia:  quinine,  alcohol,  and  strychnine  are  to  be 
exliibited,  and  the  excretory  functions  kept  in  normal  condition. 

Sequelse.  The  result  of  severe  plastic  or  purulent  inflammation  of 
the  uvea  is  shrinking  of  the  eyeball,  due  to  absorption  of  its  contents 
and  their  replacement  by  connective  tissue. 
Two  forms  are  observed : 

1.  Atrophy  (Fig.  198),  where  the  shrinkage 
takes  place  slowly;  the  diminution  is  usually 
moderate,  being  caused  by  the  contracting  exu- 
date. The  tissues  of  the  eye  remain  individ- 
ually distinct.  The  shrinking  of  the  exudate 
draws  the  intra-ocular  contents  together,  caus- 
ing repeated  attacks  of  uiflammation,  and,  at 
times,  sympathetic  irritation  in  the  fellow  eye. 
The  cause  of  atrophy  of  the  eyeball  lies  chiefly 
in  plastic  iridocyclitis.  The  atrophy  goes  on 
for  months  or  years,  and  may  result  in  phthisis 
bulbi. 

2.  Phthisis  Bulhi.  Here  the  shrinkage  fol- 
lowing perforating  panophthalmitis  is  rapid, 
as  a  rule,  the  eye  becoming  very  small,  shrinking 
even  to  the  size  of  a  hazelnut.  The  ocular 
contents  are  extruded  through  the  rupture  or 
are  rapidly  absorbed;  hence  such  eyes  are 
seldom  painful,  and  do  not  give  rise  to  sym- 
pathetic irritation  in  themselves,  but  the  orig- 
inal inflammation  through  which  they  passed, 
in  many  cases  gives  rise  to  sympathetic  inflam- 
mation. 

Essential  Phthisis  Bulhi  (ophthalmomalacia) . 
This  is  a  rare  affection,  supposed  to  be  due  to  a 
lesion  of  the  sympathetic.  The  eyeball  becomes  soft,  and  in  mild  cases 
opacities  of  the  media  occur.  The  condition  may  last  for  several 
days  or  weeks,  and  finally  disappear  without  leaving  traces.  In 
severe  cases  the  tension  becomes  lowered  and  the  eyeball  perma- 
nently diminished  in  size. 


Fig.  198. 


Atrophy  of  the  eyeball. 
The  eyeball  is  smaller  and  of 
quadrangular  shape,  from 
pulling  of  the  recti  muscles, 
and  grooved  at  their  inser- 
tion ;  the  cornea  is  irregular, 
the  retina  detached  from  the 
choroid,  and  much  exuda- 
tion in  the  remains  of  the 
vitreous  behind  the  lens  ;  the 
choroid  remains  attached  at 
the  pofterior  portion  of  the 
globe,  being  detached  only 
as  far  as  the  ora  serrata  ;  be- 
tween the  choroid  and  the 
retina  is  a  space  filled  with 
an  albuminous  fluid ;  the 
optic  nerve  is  thinner  and 
atrophic. 
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Ossification  of  the  choroid  and  (jcular  contents  is  found  not  infrc- 
ciuently  in  slirunlvcn  eyes  of  long  standing;  a  thin  shell  of  bone  is  found 
in  the  posterior  portion,  in  which  there  is  a  hole  for  the  optic  nerve 
Cal  careous  degeneration  of  the  contents  likewise  may  occur.  The 
stump  is  often  painful  to  touch,  and  may  give  rise  to  sympathetic 
irritation. 

Treatment.  Atrophic  eyeballs  containing  foreign  bodies  or  having 
undergone  osseous  or  calcareous  degeneration,  and  all  irritable  and 
painful  stumps  should  be  enucleated.  In  but  few  cases  in  which 
there  are  small  non-irritable  stumps,  should  artificial  eyes  be  fitted 
without  enucleation. 

Neoplasmata  of  the  Choroid.  New-growths  of  the  uveal  tract 
are  relatively  unconnnon,  occurring  in  0.0375  to  0.066  per  cent,  of 
eye  cases.  Of  these,  sarcoma  is  relatively  common,  and  is  seen 
most  often  in  the  choroid.  It  usually  is  pigmented,  and  its  course 
is  such  that  four  distinct  stages  may  be  observed.    If  occurring 
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Fig.  199.— Sarcoma  of  choroid,  first  stage.  (Photographed  from  specimen.) 

Fig.  200.— Sarcoma  of  choroid ;  second  stage  ;  external  aspect  of  enucleated  eyeball. 


in  the  choroid,  in  the  first  stage  the  tumor  is  small  (Fig.  199); 
and  if  occurring  away  from  the  macular  region,  does  not  at  first 
affect  the  visual  acuity,  but  gives  rise  to  defect  in  the  visual  field 
from  circumscribed  detachment  of  the  retina.  (Figs.  192-197.)  The 
diagnosis  is  usually  readily  made  by  the  ophthalmoscope,  although 
not  always  upon  first  examination,  as  it  is  to  be  differentiated  from 
simple  detachment  of  the  retina.  As  the  tumor  grows  the  retina 
becomes  more  and  more  tletached  from  the  choroid,  the  space  between 
it  and  the  choroid  containing  a  thickened,  jelly-like  mass  infiltrated 
by  connective-tissue  elements  and  amoeboid  cells,  but  not  with  tumor 
tissue.  The  tumor  itself  is  usually  circumscribed,  the  choroid  re- 
maining in  contact  with  the  sclera  in  its  full  extent.  Externally, 
the  eye  still  appears  normal.  (Plate  XIV.,  E.)  On  further  gro'w-th, 
the  eye  becomes  blind  and  ophthalmoscopic  examination  is  impos- 
sible on  account  of  the  disturbance  of  the  media. 

In  the  second  stage  symptoms  of  increased  tension  set  in,  the  eye 
presenting  the  appearance  of  inflammatory  glaucoma,  being  inflamed, 
the  cornea  dull,  the  anterior  chamber  shallow,  iris  discolored,  ]>ui)il 
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dilated  and  immobile,  tension  elevated.  The  lens  later  becomes 
clouded,  and,  besides  the  total  blindness,  the  patient  sufters  pam. 
As  these  are  the  symptoms  of  inflammatory  glaucoma,  and,  as  many 
cases  are  not  seen  by  the  physician  until  this  stage  sets  m,  a  correct 
diagnosis  often  is  made  with  difficulty.  If  the  eye  be  enucleated  at 
this  time,  it  may  be  found  of  an  irregular  shape  from  bulgmg  of  the 
ocular  coats  due  to  growth  of  the  tumor.    (Fig.  200.) 

The  third  stage  is  that  of  perforation  of  the  eyeball  and  extra-ocular 
growth  of  the  tumor.  Perforation  occurs  by  infiltration  of  the  sclera 
and  replacement  of  its  tissue  by  the  neoplasm.  The  favored  site  is 
posteriorly,  when  the  nodules  of  the  tumor  are  invisible  until  after 
enucleation,  but  if  anteriorly,  dark  and  hard  prominences  may 
be  seen  developing  in  the  region  of  the  corneal  limbus.    As  soon 
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Sarcoma  of  orbit  includiug  eyeball,  originating  in  choroidal  growth  ;  third  stage.   (See  Fig.  202.) 


as  the  neoplasm  has  broken  through  the  envelopes  of  the  eyeball, 
the  great  tension  and  consequent  pain  usually  ceases,  and  after  this 
the  tumor  grows  rapidly,  filling  the  orbit  with  projecting  cauli- 
flower-like excrescences.  (Figs.  201  and  202.)  Ulceration  of  the 
superficial  portion  with  hemorrhages  and  foul  discharge  then 
occurs.  The  neoplasm  may  extend  directly  into  the  neighboring 
parts  and  brain,  the  patient  dying  of  septicaemia,  from  absorption 
of  the  necrotic  products,  from  hemorrhage  or  from  implication  of 
the  brain. 

The  fourth  stage  is  that  of  metastasis  and  generalization  in  the 
internal  organs,  usually  the  liver.    (Figs.  203  and  204.) 

Metastasis  begins  during  the  second  and  third  stages,  and  a  diag- 
nosis of  internal  disease  cannot  usually  be  made  until  the  visceral 


382 


THE  EYE. 


tumors  are  sufficiently  large  to  be  appreciated  by  palpation  and 
percussion. 

Sarcomata  of  the  choroid  consist  of  either  round  or  spindle  cells 
or  are  a  mixed  form.    They  may  be  pigmented  or  non-pigmented' 
and  usually  contain  many  wide  bloodvessels.    As  they  develop  from' 
the  external  layers  of  the  choroid,  their  microscopic  appearance  is 
the  same  as  that  of  sarcomata  of  other  vascular  tissues.  Sarcomata 
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Fig.  202.— Sarcoma  of  orbit  including  eyeball,  originating  in  choroidal 
growth;  third  stage.    (Vvom  patient  shown  in  IHg.  201.) 
Fig.  203.— Metaslatic  or  fourth  stage  of  intra-ocular  sarcoma.  (Fig.  204.) 


are  the  only  forms  of  new  growths  that  have  been  reported  as 
occurring  in  the  choroid. 

Duration  and  Prognosis.  The  first  and  second  stages  usually  last 
three  or  four  years.  Patients  die  in  the  third  stage  from  exhaustion 
or  extension  into  the  brain.  The  fourth  stage  is  always  fatal,  and 
the  two  latter  stages  usually  culminate  in  death  in  about  a  year. 
_  Sarcoma  affects  the  uveal  tract  and  orbit  in  about  equal  propor- 
tions of  males  and  females,  the  average  age  being  forty-eight  and  one- 
half  years.  It  is  extremely  rare  in  children,  so  that  a  malignant  growth 
developing  in  an  eyeball  would,  in  all  probability,  be  regarded  as  a 
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glioma  in  a  child  and  a  sarcoma  in  an  adult.  Recurrence  takes  place 
in  about  8.86  per  cent.  In  primary  uveal  sarcoma  where  the  eyeball 
is  removed  early  the  prognosis  is  more  favorable  than  when  arising 
in  the  orbit,  where  recurrence  takes  place  in  58.6  per  cent.  Sarcomata 
of  the  iris  and  ciliary  body  behave  in  respect  to  their  course  and 
ultimate  outcome  like  those  of  the  choroid. 

Treatment.  Early  enucleation  of  the  eyeball,  in  which  the  optic 
nerve  is  cut  as  far  back  as  possible,  is  the  treatment  of  the  first  stage. 
If  the  neoplasm  has  affected  the  orbit,  complete  exenteration — i.  e., 
removal  of  the  entire  contents  of  the  orbit— together  with  the  perios- 
teum may  be  done  in  hopes  to  prolong  life.    Exposure  of  the 


Fig.  20 J. 


Abdominal  contents  in  case  of  metastatic  sarcoma  originating  in  tlie  eye,  showing  enormous 
secondary  growth  back  of  liver.   (Same  case  as  Fig.  203.) 


denuded  orbit  to  the  action  of  the  x-ray  may  then  be  resorted  to  as 
an  additional  security  against  recurrence.  Recurrence  and  death, 
however,  usually  take  place  witliin  two  years,  but  a  very  small  pro- 
portion of  cases  being  cured  by  exenteration  and  rc-ray  exposure. 
The  treatment  of  the  fourth  stage,  where  involvement  of  other 
organs  has  occurred,  is  simple  palliation  of  the  patient's  suffering. 

Injuries  of  the  Choroid.  Penetrating  wounds  of  the  posterior 
portion  of  the  eyeball  involve  the  choroid;  they  are  likewise  accom- 
panied by  injuries  to  the  retina  and  vitreous.  If  clean,  they  heal  by 
cicatricial  tissue;  if  septic,  inflammatory  changes  result,  producing 
iridochoroiditis  and  pano]jhthalniitis. 
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Fig.  205. 


Rupture  of  the  Choroid.  This  is  produced  by  a  contusion,  usually 
by  a  blunt  instrument;  sometimes  several,  but  generally  only  one 
laceration  occm-s.  On  account  of  extravasation  of  blood  into  the 
vitreous  and  under  the  retina,  this  injury  is  not  usually  recognized 
until  some  time  after  the  accident,  when  healing  has  already  taken 
place.  (Plate  VII.,  E.)  Then,  upon  ophthalmoscopic  examination, 
a  wliite  streak  is  observed  over  which  the  retinal  vessels  run  without 
change  in  their  course ;  the  edges  of  the  rent  are  observed  to  be  colored 
by  proliferation  of  the  pigment,  localized  detachment  or  rupture  of 

the  retina  is  generally  present.  Con- 
striction of  the  visual  field  and  loss 
of  visual  acuity  occur  from  atroplric 
changes  in  the  retina  and  optic  nerve. 

Treatment.  Treatment  of  tliis  con- 
dition is  absolute  rest  in  bed  for  a 
week  or  more,  to  reduce  the  liability 
of  hemorrhage  and  retinal  detachment, 
and  instillation  of  atropine  to  quiet 
the  action  of  the  ciliary  muscle  and 
iris.  Innnediately  after  the  accident 
saline  cathartics  may  be  given  as  de- 
rivatives, and  iodide  of  potassium 
later,  to  aid  in  the  absorption  of  clots 
or  exudates. 
Detachment  of  the  choroid  is  due  to 
subchoroidal  hemorrhiige,  which  gives  symptoms  of  glaucoma  (one 
of  the  so-called  forms  of  hemorrhagic  glaucoma).  It  is  absolutely 
fatal  to  vision.  This  is  one  of  the  results  of  sudden  relief  of  intra- 
ocular tension,  and  has  been  observed  as  an  unfortunate  accident 
after  iridectomy,  made  in  glaucoma,  and  also  after  cataract  extrac- 
tion. 

Treatment.  The  eyeball  usually  has  to  be  removed  in  order  to 
stop  the  hemorrhage  and  great  pain. 


Severe  subcboroiiiul  liomorrhage,  with 
detiichraent  of  choroid  and  retina,  fol- 
lowing iridectomy  for  glaucoma.  (Photo- 
grapliod  from  specimen.) 


THE  VITREOUS  HUMOR. 

Anatomy  and  Physiology.  Macroscopic  Anatomy.  The  vitreous 
(corpus  vitreum)  is  a  transparent,  colorless,  gelatinous  mass  filling 
the  posterior  cavity  of  the  eye.  It  is  surrounded  posteriorly  and 
laterally  by  the  optic  nerve  and  retina,  and  anteriorly  by  the  ciliary 
body  and  capsule  of  the  lens.  On  the  anterior  surface  there  is  a 
depression,  the  fossa  patellaris,  in  which  rests  the  posterior  surface  of 
the  lens.  It  is  traversed  from  behind  forward  by  the  hyaloid  canal, 
which  is'  a  lymph  space  beginning  at  the  papilla  and  extending  to 
the  posterior  pole  of  the  lens.  During  foetal  life  the  hyaloid  artery 
runs  in  this  canal,  and  sometimes  persists.  The  vitreous  has  no 
bloodvessels,  and  depends  for  its  nutrition  upon  the  surrounding 
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tissue,  particularly  the  uvea;  hence,  affections  of  the  inner  membranes 
of  the  eye,  the  retina,  and  the  choroid  always  imphcate  the  vitreous. 

Microscopic  Anatomy.  The  vitreous  is  a  transparent  reticulum 
containing  a  clear  liquid  substance,  with  round  or  branched  cells 
which  are  mostly  found  in  the  outer  layer,  and  are  supposed  to  be 
migrated  wliite  blood  corpuscles.  The  external  envelope  is  formed 
by  a  structureless  layer,  the  hyaloid  membrane. 

The  vitreous  serves  as  a  medium  of  support  to  the  ocular  tunics 
preserving  the  spherical  shape  of  the  eyeball,  and  as  a  clear  medium 
permitting  the  passage  of  light  and  focusing  of  objects  upon  the 
retina.  Its  index  of  refraction  is  about  the  same  as  that  of  distilled 
water,  which  is  1.3340. 

Diseases  of  the  Vitreous. 

Congenital  Anomalies.  Persistent  Hyaloid  Artery.  The  hyaloid 
artery  passes  from  the  central  artery  of  the  retina  to  the  posterior 
sm-face  of  the  lens,  occupying  the  canal  of  Cloquet  in  the  hyaloid 
canal  during  foetal  hfe,  shiivels  and  disappears  about  the  sixth  month 
of  gestation,  but  occasionally  persists:  (a)  a  filamentous  strand 
attached  to  the  disk  or  to  the  lens,  the  free  end  floating  in  the 
vitreous;  (6)  a  strand  passing  across  the  vitreous;  (c)  irregular 
miimte  bodies  upon  the  surface  of  the  disk.  Its  vestigial  remains 
are  accountable  for  posterior  congenital  capsular  cataract.  There 
is,  as  a  rule,  no  defect  of  vision,  except  it  be  accompanied  by  opacity 
of  the  lens  or  other  congenital  anomaly. 

The  walls  of  the  canal  of  Cloquet  are  sometimes  sufficiently  opaque 
to  be  seen  by  the  ophthalmoscope  or  to  interfere  with  central  visual 
acuity. 

Inflammatory  Diseases.  Hyalitis.  Inflammation  of_  the  vitreous 
is  never  primary,  but  accompanies  and  is  the  result  of  inflammation 
in  the  retina  and  the  uveal  tract.  Vision  is  diminished  from  inter- 
ference with  the  function  of  the  retina,  and  also  by  disturbance  of 
the  media  due  to  punctate  spots  in  the  vitreous,  which  the  patient 
sees  as  floating  specks.  These  are  not  to  be  confounded  with  muscse 
volitantes,  which  are  a  normal  phenomenon,  being  due  to  the  amceboid 
cells  in  the  vitreous,  which  are  readily  seen  entopically  by  closing 
the  eyelids  and  turning  the  face  toward  a  strong  light.  Most  patients 
annoyed  by  the  latter  have  some  error  of  refraction  which  should  be 
corrected  with  suitable  lenses.  A  fine,  dust-like  mist  occurring  in 
the  course  of  choroiditis,  particularly  of  the  syphilitic  variety,  can  be 
detected  by  the  patient  as  floating  specks  and  also  by  the  ophthal- 
moscope. This  is  called  hyalitis  punctata.  In  another  form  of  the 
disease  they  are  seen  as  star-like  or  as  minute  light-colored  spheres, 
asteroid  hyalitis. 

Opacities  in  the  Vitreous.  These  are  either  fixed  or  movable,  and 
are  secondary  to  other  affections  of  the  retina  and  choroid.  Large 
membranes  may  form  as  the  result  of  hemorrhage  or  inflammation, 
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and  are  readily  seen  by  the  ophthalmoscope,  impeding  vision  de- 
pending upon  their  location.  (Fig.  206.)  The  ophthalmoscope 
offers  a  sure  method  of  making  the  diagnosis  if  the  media  be  clear. 
A  convex  glass  of  from  5  D.  to  15  D.  is  used  to  focus  the  various 
depths  of  the  fundus,  and  the  patient  directed  to  rotate  the  eye,  by 
which  the  opacities  may  be  brought  into  view,  and  their  depth  dis- 
covered by  the  strength  of  the  focusing  glass,  and  their  paralactic 


Fig.  206. 


Strlse  rellnrc  et  meiubrniiH;  vitreit  ex  choroiditis  exudativa. 


movements.  High  degrees  of  myopia  predispose  to  degenerations  of 
the  ocular  contents,  and  usually  are  attended  by  membranes  or  opaci- 
ties in  the  vitreous.  The  several  diatheses  and  general  diseases  giving 
rise  to  diseases  of  the  retina  and  choroid  are  likewise  prone  to  develop 
vitreal  opacities. 

Treatment.  The  treatment  of  hyalitis  and  opacities  in  the  vit- 
reous should  be  that  of  the  cause,  if  such  can  be  ascertained.  Altera- 
tives, such  as  mercury  and  potassium  iodide  are  sometimes  useful. 
Irregularities  of  the  menstrual  function,  disorders  of  the  liver,  etc., 
should  be  treated;  diaphoresis  with  pilocarpine  (0.01  gni.  hypoder- 
mically)  once  a  day,  followed  by  a  hot  general  bath,  is  sometimes 
useful.  Errors  of  refraction  and  bad  ocular  or  bodily  habits  should 
be  corrected. 

Hyalitis  Suppurativa.  This  is  an  infective  inflammation  of  the 
vitreous  caused  by  entrance  of  pyogenic  micro-organisms.  It  is  an 
accompaniment  of  iridochoroiditis,  and  has  been  described  under 
that  heading. 
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Pseudoglioma.  A  circumscribed  suppuration  or  plastic  inflamma- 
tion of  the  vitreous  may  occur  in  tlie  periphery  of  the  chamber  near 
the  ciUary  region,  being  due  to  exudation  from  the  cihary  body,  and 
is  accompanied  by  loss  of  vision  and  minus  tension.  On  account  of 
the  yellowish  reflex  from  the  pupil,  such  cases  have  been  mistaken 
for  true  glioma  of  the  retina,  but  the  evidences  of  a  general  uveitis, 
and  the  decreased  tension  should  give  the  proper  diagnosis. 

Bloodvessel  Formation  in  the  Vitreous.  After  inflammation  or 
hemorrhage  into  the  vitreous,  organization  and  development  of 
bloodvessels  may  take  place,  formmg  a  veil  of  freely  communicating 
capillaries  having  seemmgly  no  connection  with  the  bloodvessels  of 
the  retina.  These  interfere  with  vision,  depending  upon  the  amount 
and  their  position. 

Degenerations  of  the  Vitreous.  Synchisis  Corporis  Vitrei.  Fluidity 
of  the  Vitreous.  The  vitreous  being  dependent  upon  the  retina  and 
choroid  for  its  nutrition,  during  the  progress  and  as  the  result  of 
diseases  of  these  membranes,  and  in  high  degrees  of  myopia,  degen- 
eration of  the  vitreous  occurs,  so  that  its  framework  is  destroyed, 
losing  its  normal  consistency  and  becoming  a  straw-like  liquid.  There 
are  likewise  diminished  tension  (hypotony)  and  frequently  a  tremulous 
iris  (iridonesis),  and  occasionally  a  luxated  lens.  This  condition  is 
a  most  unfavorable  factor  for  restoration  of  vision  by  cataract  extrac- 
tion.   Treatment  is  of  no  avail. 

Synchisis  Scintillans.  Cholesterin  Crystals  in  the  Vitreous.  These 
are  apparent  to  the  patient  by  flashing  sparks  before  the  eyes 
and  to  the  ophthalmoscope  by  numerous  glistening  crystals  reflecting 
the  light  from  the  ophthalmoscope  in  the  form  of  a  shower  of  sparks. 
They  are  composed  of  minute  crystals  of  cholesterin  and_  tyrosin, 
and  the  ophthalmoscopic  picture  is  very  brilliant  and  interesting.  As 
this  happens  in  eyes  that  are  more  or  less  degenerated  in  other  respects, 
the  vision  is  reduced.    The  condition  does  not  yield  to  treatment. 

Fatty  Degeneration  of  the  Vitreous.  In  this  condition  there  are 
muscEe  volitantes,  and  the  ophthalmoscope  shows  numerous  white 
ghstening  spots  evenly  distributed  through  the  vitreous.  The  vision 
is  slightly  reduced;  but  as  this  is  an  evidence  of  senile  decay,  there 
is  no  indication  for  special  treatment. 

Detachment  of  the  Vitreous.  The  vitreous  may  shrink  in  volume 
from  degenerative  changes,  and  the  retina  thus  losing  its  support 
becomes  detached.  It  may  arise  from  choroiditis,  hemorrhage,  exten- 
sive posterior  staphyloma,  and  trauma.  If  the  eye  does  not  become 
inflamed,  there  is  no  occasion  for  treatment.  If  congestion,  pain,  or 
sympathetic  disease  set  in,  the  eye  may  be  enucleated. 

Injuries  of  the  Vitreous.  Loss  of  Vitreous.  Prolapse  of  the  vitreous 
occurs  as  an  unfortunate  occurrence  in  penetrating  wounds  of  the 
eyeball,  especially  in  cataract  extraction,  and  about  one-fifth  of  the 
vitreous  may  be  lost  without  materially  affecting  the  function  of 
vision,  as  the  envelopes  of  the  eye  accommodate  themselves  some- 
what to  their  diminished  contents. 
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Treatment.  If  due  to  penetrating  wounds  of  the  sclera,  the  bead 
of  vitreous  may  be  cut  off,  the  wound  stitched,  and  the  eye  treated 
antiseptically;  if  occurring  during  cataract  extraction,  the  toilet 
of  the  anterior  chamber  cannot  be  as  rigidly  made,  and  iris  prolapses 
cannot  always  be  replaced.  The  extruding  vitreous  should  be  snipped 
off,  the  eye  closed,  and  disturbed  as  Uttle  as  possible  in  the  dressings. 
The  extruded  vitreous  retracts  somewhat,  and,  if  it  does  not  become 
infected,  the  wound  heals,  but  union  is  delayed. 

Hemorrhage  into  the  Vitreous.  Tliis  follows  rupture  of  the  vessels 
of  the  retina  or  choroid,  most  probably  the  latter,  causing  loss  of 
vision  depending  upon  the  retinal  and  choroidal  lesion  and  upon 
the  amount  of  bleeding.  Spontaneous  hemorrhage  may  occur  in 
young  adults  who  have  irregularities  of  circulation  and  gout.  As  a 
rule,  these  are  not  entirely  absorbed,  but  leave  opacities  in  the 
vitreous,  damaging  the  vision  if  centrally  located.  If  the  hemorrhage 
be  extensive,  the  sight  is  immediately  lost,  and  fundus  examination 
is  impossible.  The  blood  becomes  absorbed,  leaving  numerous  fixed 
or  floating  opacities.    (Figs.  207  and  208.) 


Fig.  207.  Fig.  208. 


Fig.  207.— Receut  hemorrhage  and  exudation  into  vitreous,  following  penetrating  wound  of  ciliary 
region.   (Photographed  from  specimen.) 

Fig.  208.— Organized  exudation  and  membranes  in  vitreous,  following  Iridocyclitis  from  pene- 
trating wound  of  ciliary  region.   (Photographed  from  specimen.) 

Treatment.  Mercurial  preparations,  iodide  of  potassium,  pilocarpine, 
saline  mineral  waters,  ergot,  artificial  leech  on  the  mastoid,  and,  for 
the  first  day  or  two,  cold  applications,  followed  later  by  hot  com- 
pressing. 

Entozoa  in  the  Vitreous.  The  scolex  of  pork  measles,  Cysticercus 
cellulosa;,  and  of  beef  measles,  cysticercus  of  Ttenia  mediocanellata, 
have  been  occasionally  found  in  the  eye,  more  frequently  in  Germany, 
where  it  is  customary  to  eat  uncooked  or  improperly  prepared 
meat. 

To  acquire  this  complaint,  the  patient  must  first  develop  a  tape- 
worm in  the  intestinal  tract ;  the  egg  entering  the  general  circulation, 
is  carried  to  the  eye,  and  grows  therein  as  a  cysticercus.  It  is  most 
commonly  recognized  after  it  enters  the  vitreous,  being  usually 
first  deposited  under  the  retina.    The  Filaria  sanguinis  hominis  and 


THE  VITREOUS  HUMOR. 


389 


the  echinococcus  (the  youthful  stage  of  the  tapeworm  m  the  dog) 
have  Ukewise  been  found,  but  are  of  more  rare  occurrence. 

Treatment.  Prophylaxis  is  most  important.  Food  should  be  well 
cooked,  and  pet  animals  not  allowed  to  lick  the  hands.  Attempts 
have  been  made  to  extract  cysticerci  from  the  vitreous,  but  none  as 
yet  have  resulted  in  restoration  of  vision;  enucleation  of  the  eyeball 
is  therefore  indicated. 


CHAPTEE  VIII. 


SYMPATHETIC  OPHTHALMIA. 
By  H.  GIFFORD,  M.D. 

When  an  eye  is  painful  or  irritated  from  any  cause,  it  is  liable 
to  set  up  a  sympathetic  irritation  in  the  other  eye,  the  symptoms 
consisting  in  more  or  less  photophobia  and  lacrymation,  sometimes 
with  slight  ciliary  congestion,  or  simply  in  an  inability  to  use  the 
eye  steadily  either  for  near  or  distant  vision.  This  sympathetic  irri- 
tation must  be  sharply  distinguished  from  sympathetic  ophthalmia. 
It  may,  and  frequently  does,  exist  for  many  years  without  any  per- 
manent injury  therefrom,  and  it  disappears  promptly  when  the 
other  eye  or  the  source  of  irritation  in  it  is  removed.  This  irritation 
is  simply  a  reflex  from  one  eye  to  the  vasomotors  of  the  other,  and 
although  in  former  years  it  was  believed  that  such  reflexes  could 
cause  plastic  inflanunation,  and  a  certain  amount  of  experimental 
evidence  was  produced  in  favor  of  the  idea,  it  is  now  generally  con- 
ceded that  reflex  irritation,  if  it  acts  at  all  in  the  production  of  a 
genuine  inflanunation,  can  do  so  only  as  a  predisposing  cause,  the 
presence  of  some  chemical  irritant,  generally  produced  by  micro- 
organisms of  some  kind,  being  necessary  to  complete  the  process. 

Sympathetic  ophthalmia  is  a  plastic  inflammation,  generally  in- 
volving the  whole  uveal  tract,  occurring  in  the  vast  majority  of 
cases  after  a  penetrating  wound  of  the  other  eye.  It  matters  not 
how  extensive  a  wound  may  be,  if  it  heals  promptly,  without 
symptoms  of  infection,  sympathetic  ophthalmia  rarely  or  never 
results  from  it.  But  however  slight  the  wound,  if  it  is  followed 
by  a  lingering  congestion  and  irritation,  the  possibihty  of  sympa- 
thetic ophthalmia  must  be  taken  into  account.  On  the  other 
hand,  where  an  eye  is  severely  injured,  without  any  penetrating 
wound,  long-continued  congestion  is  quite  common,  but  sympathetic 
ophthalmia  rarely  results.  A  few  cases  are  on  record  where  it  has 
followed  subconjunctival  ruptures  of  the  sclera,  with  or  without 
luxation  of  the  lens  under  the  conjunctiva,  also  rarely  as  the  result 
of  ossification  of  the  choroid,  and,  rarest  of  all,  from  traumatic 
detachment  of  the  retina.  A  perforating  corneal  ulcer  sometimes 
causes  sympathetic  ophthalmia,  most  commonly  where  a  large  defect 
has  been  produced,  with  .subsequent  entanglement  of  iris  tissue  in 
the  scar.  Tattooing  such  scars  has  also  caused  sympathetic  oph- 
thalmia. A  great  number  of  other  causes  of  sympathetic  ophthalmia 
which  have  been  described  are  the  result  mainly  of  the  want  of 
(  390 ) 
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discrimination  between  sympathetic  ophthalmia  and  sympathetic 

"'Before'the  role  played  by  micro-organisms  in  the  production  of 
inflanmiation  was  understood,  it  was  natural  that  the  ciliary  nerve 
theory  of  von  Graefe,  according  to  which  sympathetic  ophthalmia 
is  simply  the  result  of  the  reflex  irritation  from  one  eye  to  the  other, 
should  generally  be  accepted.    It  was  also  natural  that  with  the 
advent  of   bacteriology  the  almost  constant  connection  between 
sympathetic  ophthalmia  and  penetrating  wounds  of  the  eye  should 
sugo-est  that  micro-organisms  were  the  cause  of  the  chsease,  and, 
after  the  apparently  convmcing  experiments  of  Deutschmann,  which 
seemed  to  demonstrate  the  easy  passage  of  bacteria  from  the  interior 
of  a  womded  eye  along  the  sheaths  and  lymph  spaces  of  the  optic 
nerve  to  the  chiasm,  and  thence  down  between  the  sheaths  ot  tne 
other  optic  nerve  to  the  fellow  eye,  this  view  rapidly  displaced  the 
ciliary  nerve  theory.    These  experiments,  however,  did  not  receive 
general  confirmation.    The  great  majority  of  subsequent  investi- 
gators failed  to  produce  anything  like  sympathetic  ophthalmia  in 
animals,  and  it  is  only  in  exceptional  cases  that  micro-orgamsms 
have  been  found  in  eyes  which  have  been  enucleated  on  account  ot 
causing  sympathetic  ophthalmia.    Nevertheless,  it  is  commonly  con- 
ceded that  such  well-marked  inflammation  as  that  which  usually 
occm-s  in  sympathetic  ophthalmia  can  hardly  result  from  anything 
but  the  growth  of  micro-organisms  which  reach  the  second  eye  from 
the  fu-st,  either  through  the  lymph  or  blood  channels,  the  congestion 
caused  by  the  sympathetic  irritation  possibly  causing  a  focus  ot 
lessened  resistance  in  the  second  eye,  thus  favoring  the  lodgement 
and  growth  of  germs  therein.    The  most  ardent  advocates  of  the 
o-erm  theory  of  the  disease  acbiit,  on  their  part,  that  the  nature  of 
the  germ  wliich  causes  the  disease,  and  the  path  which  it  takes  m 
reaching  the  second  eye,  are  as  yet  unknown,  although  the  free 
communication  between  the  eyes  by  way  of  the  lymph  spaces  sur- 
rounding the  optic  nerves  suggests  this  as  the  easiest  and  most 
probable  route,  the  main  objection  to  it  being  the  non-occurrence 
of  serious  brain  symptoms  in  sympathetic  ophthalmia.    These  would 
naturally  be  expected  if  the  germs  have  to  pass  through  the  cranial 
cavity  on  the  way  to  the  second  eye.    This  objection  is  met,  to 
some  extent,  by  the  suggestion  that  there  is  probably  only  a  very 
slender  stream  of  germs  passing  from  the  first  eye  to  the  second, 
and  that  these  may  produce  serious  symptoms  only  where  they  accu- 
mulate in  the  terminal  lymph  spaces  of  the  second  eye.    It  has, 
moreover,  been  noted  that  quite  severe  headache  is  not  an  infrequent 
accompaniment  of  sympathetic  ophthalmia,  and,  in  a  few  cases, 
the  victims  of  the  disease  have  become  deaf  as  well  as  blind. 

The  rare  cases  in  which  sympathetic  ophthalmia  has  followed 
subconjunctival  rupture  of  the  sclera,  intra-ocular  tumors,  and  other 
conditions  in  which  the  eyeball  has  apparently  not  been  opened  for 
the  entrance  of  the  germs,  call  for  some  explanation.    They  all  have 
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tliis_  in  common,  that  the  excitmg  eye,  although  without  apparently 
havmg  been  opened,  is  the  seat  of  an  active  inflammation,  probably 
of  an  mfectious  character,  the  germs  in  the  cases  of  subconjunctival 
rupture  probably  having  obtained  entrance  through  minute  ruptures 
of  the  conjunctiva,  while  in  the  cases  from  intra-ocular  tmnors  and 
ossification  of  the  choroid  the  infection  of  the  first  eye  is  probably 
either  from_  the  blood,  or  is  a  revival  of  some  old  infection,  most  of 
the  eyes  with  ossification  having  been  injured  many  years  before. 
A  similar  explanation  applies  to  the  cases  in  which  a  sightless  stump 
remains  quiet  and  harmless  for  many  years  after  the  original  injury, 
but  becomes  inflamed  and  excites  sympathetic  ophthalmia  upon  re- 
ceiving a  bruise,  or  when  the  patient  catches  cold  or  has  some  general 
infection.  Cases  of  this  kind  have  been  reported  after  measles  and 
mumps. 

Formerly  much  stress  was  laid  upon  the  special  danger  of  wounds, 
in  the  ciliary  region,  and  tliis  was  supposed  to  give  important  testi- 
mony in  favor  of  the  ciliaiy  nerve  theory.  Granting  the  premise, 
it  can  be  explained  more  satisfactorily  on  the  germ  theory.  Such 
wounds  are  among  the  commonest  of  penetrating  injuries;  they  are 
complicated  generally  with  prolapses  of  iris  or  choroidal  tissue,  which 
are  well-recognized  factors  in  favoring  endocular  infection;  and, 
finally,  they  lead  into  the  soft  tissue  of  the  ciliary  body  which  has. 
been  found  to  be  an  especially  favorable  breeding-ground  for  various, 
germs. 

The  dictum  laid  down  years  ago,  that  eyes  in  which  panophthal- 
mitis has  developed  never  cause  sympathetic  ophthalmia,  has  been 
shown  to_  be  incorrect,  although  it  is  probable  that  sympathetic 
ophthalmia  is  less  common  after  a  violent  destructive  inflammation 
than  after  a  milder  and  more  chronic  form,  this  being  due  probably, 
in  part,  to  blocking  up  and  destruction  of  the  lymph  channels 
leading  from  the  eye,  and  possibly,  also,  to  destruction  of  the 
hypothetical  germ  of  sympathetic  ophthalmia  by  the  rapid  growth 
of  the  pus  germs  which  are  generally  found  in  these  cases. 

Regarding  the  length  of  time  which  elapses  between  the  original 
injury  and  the  outbreak  of  sympathetic  ophthalmia,  it  may  be  said 
that  the  most  dangerous  period  is  from  three  to  eight  weeks  after 
the  injury,  although  a  few  doubtful  cases  have  been  reported  within 
from  one  to  two  weeks  after  the  injury,  and  some  well-authenticated 
ones  as  early  as  two  weeks  thereafter.  At  the  other  end  of  the  scale 
there  is  no  tune  limit;  cases  have  occurred  forty  years  after  the 
original  injury,  although  always  in  the  well-authenticated  cases  after 
a  recrudescence  of  an  old  inflammation. 

_  Symptoms.  Wliere  the  patient  is  old  and  intelligent  enough  to 
give  accurate  testimony,  the  first  symptom  of  sympathetic  oph- 
thalmia in  most,  if  not  all  cases,  is  a  slight  failure  of  vision.  Almost 
coincident  with  this  there  occur  very  slight  signs  of  incipient  iritis 
in  the  form  of  ciliary  congestion  (hardly  noticeable  in  some  cases), 
with  minute  spots  of  deposit  on  the  posterior  surface  of  the  cornea 
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or  the  anterior  surface  of  the  lens,  these  latter  being  hardly  visible 
except  by  strong  magnification.  Then,  in  the  severer  cases,  follow 
rapidly  adhesions  between  the  iris  and  lens  capsule,  increase  of  ciUary 
congestion,  turbidity  of  the  aqueous,  discoloration  of  the  iris;  in  short, 
all  the  symptoms  of  plastic  iritis,  and,  in  rare  cases,  hypopyon. 
The  indications  of  sympathetic  irritation,  photophobia,  and  so  forth, 
which  were  formerly  much  relied  upon  as  warnings  of  the  approach 
of  sympathetic  ophthalmia,  are  generally  conspicuous  by  their  absence, 
and  the  pain  is  seldom  great,  except  in  the  later  stages.  In  the  few 
cases  which  have  been  seen  sufficiently  early  to  permit  a  careful  exam- 
ination of  the  fundus,  shght  optic  neuritis  has  often  been  seen,  and 
in  some  cases  the  main  symptom  of  the  disease  has  been  a  well- 
marked  inflammation  of  the  optic  disk.  But  ordinarily  the  vitreous 
becomes  turbid  so  rapidly  that  the  fundus  is  never  distinctly  seen. 
In  a  few  eyes  which  have  cleared  up  after  severe  sympathetic  oph- 
thalmia, small  roundish  spots  of  choroidal  atrophy  have  been  noted 
by  different  observers.  All  grades  of  severity  of  the  inflammation 
occur;  in  some  cases  it  never  goes  beyond  what  would  be  called  a 
mild  serous  iritis,  and  jdelds  readily  to  appropriate  treatment.  These 
mild  cases  are,  unfortunately,  exceptional;  as  a  rule,  in  spite  of  all 
treatment,  the  disease  progresses  steadily,  the  iris,  in  spite  of  un- 
limited atropine,  becoming  adherent  to  the  lens,  often  not  only  at  the 
pupil-margin,  but  over  the  greater  part  of  its  posterior  surface.  The 
ciliary  congestion  continues  for  months  or  at  intervals  for  years, 
the  nutrition  of  the  lens  being  interfered  with  to  such  an  extent 
that  it  generally  becomes  opaque;  and,  while  some  eyes  go  through 
a  stage  of  secondary  glaucoma,  the  end  in  the  majority  is  a  mild 
form  of  phthisis.  There  is  nothing  about  the  appearance  of  the 
eye,  in  sympathetic  ophthalmia,  to  distinguish  it  from  any  severe 
iridocyclitis,  although,  since  we  perhaps  see  more  eyes  that  have 
been  blinded  by  sympathetic  ophthalmia  than  by  any  other  form 
of  plastic  uveitis,  the  atrophic  discolored  iris,  the  shallow  anterior 
chamber,  and  the  grayish  immovable  pupil,  which  result  from  any 
severe  and  long-continued  inflammation  of  the  uveal  tract,  become 
associated  in  our  minds  with  sympathetic  ophthalmia. 

Pathology.  Comparatively  few  such  eyes  have  been  examined  with 
the  microscope,  the  bulk  of  what  has  been  written  about  the  path- 
ology of  sympathetic  ophthalmia  referring  to  the  eye  which  has 
caused  the  inflammation,  and  not  to  the  sympathizing  eye.  In  those 
which  have  been  recorded,  the  entire  uveal  tract  has  been  found  to 
be  the  seat  of  an  active  inflammation,  with  numerous  accumulations 
of  leucocytes  such  as,  in  a  progressive  inflammation,  pathologists 
believe  to  indicate  the  presence  of  micro-organisms,  the  same  extend- 
ing for  some  distance  back  into  the  optic  nerve  and  its  sheaths.  In 
the  few  cases  in  which  both  eyes  have  been  obtained  from  the  same 
subject  the  changes  have  been  strikingly  similar  in  each  eye.  One 
of  these  presented  the  unusual  occurrence  of  so  large  a  number  of 
giant  cells  both  in  the  uveal  tracts  and  in  the  optic  nerves  that 
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tuberculosis  was  thought  of,  but  no  tubercle  baciUi  could  be  found, 
nor  did  the  inoculation  of  rabbits  indicate  their  presence.  As  a  rule' 
no  niicro-organisms  have  been  found  either  in  the  injured  or  the 
sympathizing  eyes;  but  in  one  case  they  were  found  in  both  eyes, 
along  both  optic  nerves,  and  in  front  of  the  chiasma.  This  case  is 
generally  regarded  with  some  suspicion  that  there  may  have  been  a 
general  infection.  On  the  whole  it  may  be  said  that  the  pathological 
findings  confirm  the  impression  given  by  the  clinical  history,  that 
sympathetic  ophthalmia  must  be  the  result  of  germ  growth  in  the 
tissues,  but  that  our  technique  at  present  does  not  permit  the  detec- 
tion of  the  germ. 

Prophylaxis.  After  sympathetic  ophthalmia  has  broken  out,  the 
results  of  the  treatment  are,  as  a  rule,  so  unsatisfactory  that  special 
stress  must  be  laid  upon  the  prophylaxis.  To  be  as  effective  as 
possible,  this  must  begin  with  the  prevention  of  the  wounds  which 
commonly  cause  the  disease.  This  is  too  broad  a  subject  to  be 
discussed  fully  here,  but  the  importance  of  keeping  sharp  instruments 
out  of  the  hands  of  children,  and  of  encouraging  workmen  engaged 
in  pounding  metal  or  stone  to  wear  protective  glasses,  may  be  men- 
tioned. Next  in  order  is  the  proper  management  of  perforating 
wounds  and  of  foreign  bodies  in  the  eye.  This  will  be  considered 
later  on.  The  problem  for  immediate  solution  is:  given  a  perforated 
eye  with  symptoms  of  infection  which  fail  to  yield  promptly,  how 
long  shall  operative  interference  for  the  sake  of  the  other  eye  be 
deferred,  and  if  such  interference  is  decided  upon  what  shall  be 
done?  Where  the  wound  is  extensive  and  the  sight  is  irrevocably 
lost,  evisceration  should  be  done  as  soon  as  it  is. evident  that  healing 
is  not  going  to  occur  without  much  reaction.  Many  such  eyes  will 
become  quiet  and  do  no  harm  to  the  other  eye;  but  where  no  useful 
sight  is  possible  the  most  sensible  plan  is  not  to  take  the  slightest 
risk  of  danger  to  the  other  eye.  \Vliere  there  is  a  prospect  of  the 
injured  eye  retaining  useful  sight,  antiphlogistic  measures  should  be 
persevered  in  for  at  least  ten  days;  and  then  if  no  decided  improve- 
ment in  the  inflammation  is  apparent,  it  should  be  explained  to  the 
patient  or  his  relatives  that  there  is  some  danger  which  can  only  be 
averted  with  the  utmost  certainty  by  sacrificing  the  injured  eye. 
But  if  he  is  willing  to  assume  the  slight  risk,  the  operation  need  not 
be  urged  strongly  for  another  week.  Then,  if  the  symptoms  of  infec- 
tion still  persist  undiminished,  the  sacrifice  of  the  injured  eye  should 
be  urged  more  strongly,  always  with  the  proviso  that  there  is  no 
certainty  of  the  uninjured  eye  becoming  infected,  even  if  no  operation 
is  done.  The  risk  is  not  so  very  great,  but  the  patient  must  under- 
stand that  it  will  continue  as  long  as  the  injured  eye  is  at  all  inflamed. 
If  an  evisceration  will  not  be  consented  to,  an  opticociliary  neu- 
rectomy may  be  suggested;  and  if  this  also  is  refused,  the  physician, 
having  shifted  all  responsibility  for  possible  injury  to  the  good 
eye,  should  persist  in  keeping  the  patient  at  rest  and  in  following 
up  the  antiphlogistic  measures  as  long  as  S5^mptoms  of  irritation 
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continue.  In  the  case  of  blind  eyes  which  are  entirely  free  from 
symptoms  of  deep  infection,  no  interference  is  called  for,  in  my 
opinion,  except  for  cosmetic  purposes;  but  in  the  case  of  a  sightless 
eye  which  is  the  seat  of  recurrent  deep-seated  inflammation,  the 
patient  should  be  warned  of  the  possibility  of  danger,  and  eviscera- 
tion advised  even  if  the  blindness  was  not  originally  caused_  by  an 
injury.  In  advising  the  patient  of  the  danger  of  sympathetic  oph- 
thalmia, great  emphasis  should  be  laid  upon  the  fact  that  it  comes, 
as  a  rule,  without  warning,  and  that  after  it  once  appears  all 
treatment  may  be  in  vain;  and  in  watching  for  its  appearance 
physician  and  patient  should  pay  special  attention  to  the  slightest 
diminution  of  sight,  daily  tests  under  uniform  conditions  of  illumina- 
tion being  made.  As  a  purely  prophylactic  measure  I  always  prefer 
evisceration  to  any  other  operation. 

It  should  be  understood  that  neither  opticociliary^  neurectomy,  nor 
evisceration,  nor  enucleation  is  an  absolute  protection  against  sym- 
pathetic ophthalmia.    The  disease  has  been  known  to  occur  after 
all  of  these  operations,  appearing  after  a  period  varying  from  one 
to  fifty-four  days  subsequent  to  the  operation.    Some  of  these  after- 
cases  are  cUfficult  to  explain  upon  any  theory,  but  they  are  probably 
due  to  the  infection  having  spread  for  some  distance  back  of  the 
eye  before  the  operation  was  performed.    When  sympathetic  oph- 
thahnia  has  already  appeared,  the  treatment  varies  according  to  the 
amount  of  sight  in  the  other  eye  and  the  length  of  time  which  has 
elapsed  since  the  first  symptoms.    If  seen  within  a  day  or  two  after 
the  first  onset  of  the  disease,  I  should  advise  immediate  enucleation 
of  the  other  eye,  even  if  it  has  useful  sight.    But  if  not  seen  for 
several  days  or  weeks  after  the  first  symptoms,  and  the  first  eye 
possess  fair  sight  or  has  a  prospect  of  obtaining  it  by  a  cataract 
extraction  or  some  other  operation,  it  is  probably  better  not  to 
sacrifice  it;  but  if  it  have  only  a  little  sight,  and  there  is  no  prospect 
of  its  ever  having  more  than  enough  barely  to  allow  the  patient  io 
get  around,  I  should  sacrifice  it,  even  in  the  later  stages  of  the  dis- 
ease, if  the  second  eye  still  had  the  better  sight  of  the  two.    In  this 
I  differ  from  the  majority  of  writers,  who  follow  the  rule  never  to 
enucleate  after  an  outbreak  of  sympathetic  ophthalmia,  if  the  first 
eye  have  or  can  have  useful  sight.    My  reason  for  this  is  that  the 
statistics  indicate  as  plainly  as  possible  that  the  second  eye  has  a 
better  chance  when  the  first  is  enucleated,  even  long  after  the  out- 
break of  the  disease.    The  case  often  cited  in  which,  where  an  enu- 
cleation was  recommended  and  refused,  the  condemned  eye  retained 
useful  sight  while  the  other  became  entirely  blind,  should  have  little 
weight,  because  if  the  enucleation  had  been  consented  to,  it  might 
have  saved  much  better  sight  in  the  second  eye  than  eventually  was 
retained  by  the  first.    The  effect  of  an  enucleation  is  sometimes  so 
prompt,  a  badly  inflamed  eye  often  showing  most  marked  improve- 
ment on  the  day  following  the  enucleation,  that  it  seems  probable 
that  the  first  eye  exercises  a  constant  influence  on  the  inflammation 
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in  the  second,  either  by  reflex  irritation  or  by  the  passage  of  toxins. 
(It  has  been  shown  conclusively  in  rabbits  that  toxins  readily  pass 
from  one  eye  to  the  other,  causing  marked  inflammation  there  with- 
out any  decided  meningitis  or  general  distm-bance.)  This  sudden 
improvement  following  enucleation  is,  to  be  sure,  generally  of  short 
duration  in  severe  cases,  but  in  the  long  run  the  comparison  of  a 
series  of  cases  in  which  enucleation  has  been  performed  with  another 
in  which  it  has  not,  speaks  plainly  in  favor  of  the  operation.  Enu- 
cleation is  recommended  here  in  place  of  any  other  operation,  because 
it  takes  out  more  of  the  infected  tissue,  especially  if  the  nerve  is 
cut  far  back,  as  it  should  be  in  such  cases.  It  is  not  certain  that 
enucleation  gives  better  results  than  evisceration  would,  but  where 
the  outlook  is  so  bad  at  the  best,  cosmetic  considerations,  which 
are  the  main  argument  in  favor  of  evisceration,  should  have  no 
weight  as  against  even  a  theoretical  argument  in  favor  of  something 
else. 

Treatment  other  than  surgical  should  consist  in  rest,  the  free  use 
of  atropine,  and  large  doses  of  salicylate  of  sodium,  mercury,  iodide 
of  potassium,  or  quinine.  I  mention  the  salicylate  first  because  it 
is  the  only  remedy  which  I  have  known  to  exert  a  marked  effect 
upon  a  severe  case  of  sympathetic  ophthalmia.  In  two  very  severe 
cases  in  which  I  have  used  it  normal  vision  was  restored  in  one,  and 
useful  vision  in  the  other,  while  m  a  third  case,  well  marked  but 
not  so  severe,  normal  vision  was  restored.  By  large  doses  I  mean 
10  to  13  grains  in  the  course  of  sixteen  to  eighteen  hours  for  each 
ten  pounds  of  the  patient's  weight.  That  is,  a  man  of  150  pounds 
would  receive  from  150  to  200  grains  in  the  course  of  the  waking 
hours.  These  amounts  are  borne  best  when  given  in  brandy,  15 
grains  to  the  teaspoonful,  followed  by  a  quarter  of  a  glass  of  water; 
but  if  this  nauseates  the  jDatient,  it  may  be  given  in  capsules,  brandy 
and  water  being  taken  separately.  Some  patients  may  not  stand 
such  large  amounts,  and  if  there  is  any  question  of  heart  trouble, 
one  should  begin  with  smaller  doses.  Full  doses  can  generally  be  borne 
for  two  days  out  of  three.  In  cases  where  the  stomach  rebels  the 
remedy  may  be  given  by  the  rectum.  If  it  has  the  desired  effect,  it 
should  be  continued,  with  increasing  intervals  of  entire  abstinence 
from  it  (a  large  dose  on  two  days  in  a  week  is  better  than  half  the 
amount  on  four  days),  until  long  after  the  last  sign  of  congestion 
has  disappeared;  and  this  rule  applies  to  whatever  form  of  medi- 
cation is  employed,  on  account  of  the  danger  of  relapses. 

Mercury  is  best  given  in  the  form  of  inunctions,  a  piece  the  size 
of  the  patient's  whole  thumb  being  rubbed  in  twice  a  day  for  four 
days  in  succession,  unless  tenderness  of  the  gimis  appears  sooner; 
then  the  same  amount  once  a  day  for  the  rest  of  the  week,  after 
which  an  interval  of  several  days  should  occur  before  the  inunctions 
are  recommenced.  If  salicylate  or  mercury  have  no  marked  effect, 
large  doses  of  iodide  of  potassium  or  quinine  should  be  tried,  or 
they  may  be  used  in  the  intervals  when  the  patient  is  not  using 
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the  other  remedies.  If  this  is  clone,  it  would  probably  be  best  to 
avoid  following  salicylate  with  quinine,  on  account  of  the  effect  on 
the  ears. 

As  a  rule,  hot  applications  have  a  favorable  effect,  though  m  some 
of  my  patients,  when  used  in  the  ordinary  way,  they  have  seemed 
to  do  harm,  while  when  employed  in  the  form  of  thick  soft  poultices, 
changed  every  ten  minutes  for  an  hour,  four  times  a  day,  the  effect 
has  been  decidedly  beneficial. 

If  other  remedies  fail,  subconjunctival  injections  of  two  or  three 
drops  of  sublimate,  1:1000,  or  ten  drops  of  2  per  cent,  sodmm 
chloride  every  third  day  may  be  tried.  If  the  first  eye  be  retamed, 
it  should  receive  the  same  local  treatment  as  the  other  eye  as  long 
as  signs  of  infection  continue. 

It  goes  without  saying  that  everything  consistent  with  rest  which 
can  be  done  to  keep  the  general  condition  good  should  be  done.  In 
spite  of  all  treatment,  even  when  the  case  is  seen  at  the  start,  the 
prognosis  is  bad.    The  iris  generally  adheres  closely  to  the  lens  in 
spite  of  all  the  atropine  that  can  be  borne,  and,  besides  the  blocking  of 
the  pupil  with  exudate,  sight  is  reduced  still  further  by  opacities  m 
the  vitreous  and  lens.    Where  glaucoma  ensues  an  early  operation 
for  its  relief  may  be  required;  in  these  cases  the  iris  commonly  bulges 
at  the  periphery,  and  a  double  transfixion  of  it  with  a  cataract  knife 
should  be  tried  before  resorting  to  an  iridectomy.    But,  except  in 
the  case  of  glaucoma,  no  operation  should  be  done  for  the  improve- 
ment of  sight  until  all  signs  of  active  infection  have  been  absent 
for  a  year.    Even  then  the  results  of  operations  are  apt  to  be  dis- 
couraging.   Good  light  sense  and  projection  are  retained  _  surpris- 
ingly long  in  these  eyes,  and  to  a  novice  the  task  of  restoring  sight 
by  an  iridectomy  or  extraction  may  seem  simple  enough;  but  when 
an  iridectomy  is  attempted,  it  is  generally  found  that  only  the  anterior 
layers  of  the  iris  can  be  removed,  the  pigment  layer  remainmg  to 
block  effectually  the  artificial  pupil.    If  the  lens  is  extracted,  the 
sight  generally  still  remains  poor,  on  account  of  extensive  vitreous 
opacities,  and  any  operative  interference  is  apt  to  produce  a  marked 
reaction,  accompanied  by  the  production  of  exudate  which  occludes 
the  new  pupil,  so  that  repeated  subsequent  iridotomies  or  excisions 
of  the  inflammatory  membranes  with  de  Wecker's  scissors  have  to 
be  resorted  to.    All  these  repeated  attempts  should  be  made  at 
considerable  intervals,  and  in  a  fair  proportion  of  cases  patience  will  be 
rewarded  by  a  reasonable  amount  of  success. 

In  many  cases  no  chance  for  operative  interference  is  ever  given, 
the  inflammation  continuing  until  all  sight  is  lost,  while  it  some- 
times happens  that  in  addition  to  blindness  the  pain  becomes  so 
intolerable  that  enucleation  or  evisceration  of  the  second  eye  has  to 
be  performed. 

The  gloomy  picture  hitherto  presented  applies  to  the  severer  cases, 
and  these,  up  to  the  present  time,  constitute  a  large  majority  of 
those  described;  but  it  is  evident  that  of  late  more  favorable  reports 
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arc  being  received.  This  is  perhaps  due  less  to  improvements  in 
treatment  than  to  a  more  widespread  Icnowledge  and  an  oarher 
detection  of  the  disease.  Moreover,  it  is  probable  that  mild  forms 
of  sympathetic  ophthalmia  are  much  more  common  than  formerly 
was  supposed.  I  have  known  it  to  develop  and  run  its  course  in  two 
cataract  patients  with  so  little  congestion  or  subjective  disturbance  of 
any  kind  that,  as  the  sight  was  already  obscured  by  the  cataracts,  the 
patients  were  unaware  that  any  inflammation  had  occurred.  Where 
sympathetic  ophthalmia  has  occurred  after  enucleation  or  eviscer- 
ation, the  course  has  almost  invariably  been  mild  and  fair  or  perfect 
results  have  been  obtained.  The  same  is  true  to  some  extent  of  the 
cases  which  have  occurred  in  connection  with  ossification  of  the 
choroid. 

The  Treatment  of  Penetrating  Wounds  of  the  Eyeball.  Where 
a  clean-cut  penetrating  wound  of  the  eye,  without  any  prolapse  of 
iris,  choroid,  or  vitreous  has  occurred  some  days  before  the  patient 
is  seen,  the  fate  of  the  eye,  as  far  as  the  infection  is  concerned,  is 
generally  decided  beforehand.  If  the  eyeball  shows  little  or  no  con- 
gestion, except  in  the  neighborhood  of  the  wound,  and  no  pain  is 
experienced,  it  is  generally  safe  to  conclude  that  infection  has  been 
escaped,  and  all  that  is  immediately  required,  unless  secondary  glau- 
coma is  present,  is  to  pVotect  the  eye,  preferably  with  some  form  of 
shield  bandage,  use  sufficient  atropine  to  keep  the  iris  from  adhering 
to  the  lens,  and  keep  the  patient  quiet.  Of  course,  if  a  traumatic 
cataract  is  present,  it  may  be  extracted,  if  there  is  no  increase  in  the 
secretions;  but  if  there  is,  it  is  better  to  put  off  the  extraction  for  a 
week  or  so,  treating  the  lids  with  some  astringent  meanwhile. 

When,  however,  a  fresh  penetrating  wound  is  seen,  the  treatment 
should  begin,  wherever  possible,  with  a  thorough  irrigation  of  the 
conjunctival  sac  and  surface  of  the  globe  with  a  sterilized  0.5  per 
cent,  solution  of  salt  or  some  other  sterile  non-irritating  solution. 
Then,  after  the  excision  of  any  prolapsed  iris  or  vitreous,  should  follow 
the  protection  of  the  wound  with  a  conjunctival  flap;  for  it  should 
be  realized  that  nearly  every  conjunctival  sac  contains  more  or  less 
pathogenic  germs  which  cannot  be  thoroughly  cleared  out  by  any 
measures,  chemical  or  mechanical,  which  it  is  safe  to  use;  and  while 
in  some  cases  of  infection  the  germs  may  be  present  on  the  offending 
substance  before  it  reaches  the  eye,  the  probability  is  that  in  nearly 
all  cases  the  germs  either  are  carried  in  from  the  surface  of  the  globe 
at  the  time  of  the  injury,  or  they  gain  entrance  from  the  conjunctival 
sac  after  the  mjury  has  been  inflicted.  To  prevent  this  latter  con- 
tingency there  is  no  protection  equal  to  that  afforded  by  a  conjunctival 
flap.  Where  the  wound  is  entirely  in  the  sclera  the  best  plan  is  to 
excise  a  triangular  bit  of  conjunctiva  at  one  side  of  the  wound,  and 
draw  a  triangular  flap  over  this  raw  surface  from  the  opposite  side 
of  the  wound  by  one  or  more  sutures.  Where  the  wound  extends 
a  short  way  into  the  cornea  the  simplest  plan  is  to  dissect  up  the 
conjunctiva  all  around  the  cornea  and  draw  it  over  the  whole  cornea 
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by  a  purse-string  suture  tightly  tied.  A  more  complicated  but  on 
some  accounts  better  plan— as  it  allows  the  physician  to  keep  a 
better  watch  of  the  condition  of  the  iris,  and  as  permitting  a  better 
action  of  atropine— is  to  excise  a  portion  of  the  conjunctiva  at  both 
sides  of  the  wound,  as  indicated  in  Fig.  209,  a,  and  to  draw  the  loosened 
conjunctiva  over  these  raw  surfaces  and  the  wound  at  the  same  time 
by  two  sutures,  or,  as  in  Fig.  209,  6,  by  a  smgle  suture.  Where  the 
woimd  involves  the  central  portions  of  the  cornea,  it  may  be  that 
the  pm-se-string  suture  will  offer  a  sufficient  protection,  but  a  more 
certain  plan  is  to  excise  a  portion  of  the  conjunctiva  all  around  the 
opposite  half  of  the  cornea,  as  in  Fig.  209,  c,  and  bring  a  conjunctival 
flap  from  above  clear  across  the  cornea.  It  may  be  questioned 
whether  the  use  of  a  protecting  flap  is  necessary  in  the  case  of  clean- 
cut  wounds  of  the  cornea;  but  where  the  wound  is  irregular  or 
contains  iris  tissue  or  fragments  of  broken-down  lens  or  vitreous, 
there  can  be  no  doubt  about  its  advisability.    In  the  case  of  wounds 


Fig.  209. 
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The  shaded  areas  indicate  the  surface  from  which  the  conjunctiva  should  he  excised  ;  the  dotted 
lines,  the  outlines  of  the  conjunctival  flaps.  A,  wound  to  be  covered  ;  B,  C,  D,  points  where  sutures 
are  to  he  applied  in  drawing  the  flaps  into  position. 


that  are  not  above  suspicion  the  edges  should  be  touched  with  the 
galvanocautery  or  Paquelin  cautery,  or,  if  these  are  not  at  hand, 
with  a  chemical  caustic,  such  as  carbolic  or  nitric  acid,  applied  with 
the  utmost  care  with  a  very  finely  drawn-out  cotton  swab,  before 
drawing  over  the  flap.    To  be  logical,  one  should  use  the  same_  line 
of  treatment  for  operative  wounds  where  vitreous  is  lost  or  iris  tissue 
is  caught  in  the  wound.    And  it  is  certain  that  if  the  wounds  had 
been  protected  by  a  conjunctival  flap  many  and  probably  all  of 
the  cases  of  sympathetic  ophthalmia  which  have  been  reported  after 
cataract  extraction  could  have  been  prevented.    The  small  conjunc- 
tival flap,  which  is  often  made  as  the  final  step  in  the  incision  for 
cataract  extraction  is  good  as  far  as  it  goes,  but  it  is  seldom  large 
enough  to  cover  fully  the  large  prolapses  which  sometimes  occur 
after  simple  extraction,  and  if  an  iridectomy  is  made  the  pomts 
at  which  the  iris  is  most  apt  to  be  entangled,  namely,  the  angles  of 
the  wound,  are  left  unprotected.    To  make  an  effective  flap  for 
protecting  an  extraction  or  iridectomy  wound,  the  conjunctiva  should 
be  slightly  raised  by  the  injection  under  it  of  a  cocaine  solution  at 
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the  point  of  puncture  and  counter-puncture,  and  the  knife  entered  at 
some  distance  outside  of  the  cornea  and  passed  along  under  the  con- 
junctiva before  entering  the  anterior  chamber;  then  in  making  the 
counter-puncture  care  should  be  taken  to  pass  the  knife  along  beneath 
the  conjunctiva  as  far  as  jDossible  before  piercing  it.  In  cases  where 
prolapse  of  vitreous  is  expected,  two  sutures  should  be  put  in  at  the 
upper  part  of  the  conjunctival  wound,  and  drawn  well  out  of  the  way 
before  the  extraction  is  completed.  This,  it  seems  to  me,  is  the 
simplest  way  to  protect  completely  an  extraction  wound,  but  it  may 
be  that  to  prepare  a  flap  above  the  cornea  and  bring  it  down  and  fix 
it  in  the  manner  indicated  in  Fig.  209,  a,  or  even  to  use  a  purse-string 
suture,  will  prove  to  be  better.  Some  such  form  of  extraction, 
although  too  complicated  to  become  popular  at  once,  is  certain,  after 
the  technique  is  mastered,  to  give  a  better  guarantee  of  an  imme- 
diate good  result  and  of  safety  from  sympathetic  ophthalmia. 

After  protecting  the  wound  as  well  as  possible  from  infection,  a 
protective  bandage  (both  eyes  being  closed  for  at  least  a  day  or  two 
in  severe  injuries),  rest,  and  atropine  are  all  that  will  be  required 
if  no  infection  has  taken  place.  It  may  be  questioned  whether  it 
is  not  best  to  apply  cold  in  some  form  during  the  first  twenty-four 
hours.  This  is  reconunended  by  good  authorities,  but  the  difficulty 
of  applying  cold  in  any  efficient  way,  without  danger  of  disturbing 
and  infecting  the  wound,  is  such  that,  on  the  whole,  I  believe  as  good 
results  will  be  obtained  without  it,  unless  decided  pain  indicates  that 
infection  has  taken  place,  in  which  case  the  continued  use  of  ice, 
preferably  with  a  light  rubber  or  metal  coil  or  a  small  ice-bag  fre- 
quently filled  with  small  bits  of  ice,  should  be  employed  until  the 
end  of  the  hrst  twenty-foiu  hours,  the  eye  being  protected  by  a  pad 
of  absorbent  cotton  which  is  kept  wet  with  sublimate,  1:5000; 
Later  than  this  I  prefer  the  use  of  hot  applications  for  half  an  hour 
to  an  hour  three  or  four  times  a  day,  where  symptoms  of  infection 
continue. 

In  all  cases  where  infection  is  suspected  or  feared,  beside  the  use 
of  cold  or  heat  and  rest,  atropine  should  be  used  with  extra  liberality, 
10  to  15  drops  of  a  1  per  cent,  solution  being  instilled  and  allowed 
to  run  out  at  the  outer  angle  of  the  eye  two  or  three  times  a  daj^, 
and  large  doses  of  sodium  saUcylate  should  be  given.  Subconjunc- 
tival injections  of  1  to  3  drops  of  sublimate,  1:1000,  or  6  drops  of 
cyanide  of  mercury,  1:2000,  or  10  drops  of  sodium  chloride,  2  per 
cent. ,  may  be  tried  every  second  or  third  day.  In  some  cases  their 
effect  is  astonishingly  good;  in  others,  for  no  apparent  reason,  they 
do  no  good,  or  even  do  harm.  Where  the  infection  is  superficial, 
as  in  some  cataract  wounds  or  injuries  of  the  cornea,  a  thorough 
application  of  the  galvano  or  Paquelin  cautery  often  does  excellent 
service,  and  if  neither  of  these  is  available,  scraping,  followed  by  the 
application  of  tincture  of  iodine  or  nitric  or  carbolic  acid,  will  some- 
times be  as  effectual.  In  desperate  cases,  where  it  is  evident  that 
purulent  inflammation  of  the  vitreous  has  started,  the  endocular 
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use  of  the  cautery  has  been  reported  to  give  good  results;  the  tip 
of  the  galvanocautery  havmg  been  plunged  deeply  into  the  vitreous 
as  near  the  focus  of  infection  as  possible,  and  the  current  turned  on 
while  the  point  is  moved  slowly  about.  I  have  had  no  experience 
with  this  method  of  treating  the  vitreous,  but  have  tried  it  m  the 
anterior  chamber  with  a  bad  result.  If  it  is  tried  m  the  vitreous, 
the  wound  should  immediately  afterward  be  covered  with  &  con- 
iunctival  flap.  In  treating  prolapses  of  the  iris  much  discrimination 
is  necessary  in  the  use  of  the  cautery.  Except  in  plainly  infected 
cases,  it  is  best  not  to  use  it  if  the  iris  can  either  be  replaced  or  seized 
with  the  forceps  and  cut  off.  Where  this  is  not  possible,  as  is  fre- 
quently the  case  with  a  prolapse  of  more  than  a  day's  standing,  or 
where  the  prolapse  is  apparently  infected,  it  may  be  used  if  the 
bm-nt  tissue  be  immediately  scraped  away  and  the  spot  well  covered 
with  a  conjunctival  flap.  To  burn  a  prolapse,  however,  without 
immediately  protecting  the  spot  from  secondary  infection  is,  I  beheve, 
cUstinctly  dangerous.  It  is  often  done  with  good  results,  but  evidence 
is  constantly  accumulating  to  show  that  it  has  a  decided  tendency 
to  favor  the  occurrence  of  sympathetic  ophthalmia. 

mere  a  small  prolapse  is  seen  several  days  after  the  occurrence 
of  the  injury,  and  is  evidently  not  infected,  it  is  perhaps  best  to  leave 
it  entirely  alone,  unless  the  physician  has  had  experience  m  the 
technique  of  applying  conjunctival  flaps.  The  majority  of  such 
prolapses  subside  quietly  and  are  abundantly  protected  by  new- 
formed  connective  tissue  if  the  eye  is  kept  qmet  and  hot  applications 

are  used,  ,  ,  , ,  , 

The  ideal  treatment  of  iris  prolapse  is  to  replace  it,  and  thus  restore 
the  form  of  the  pupil ;  but  this  seldom  is  done  after  accidental  wounds, 
partly  because  adhesions  form  so  quickly  that  unless  the  eye  is  seen 
soon  after  the  injury  the  iris  cannot  be  j-eplaced  without  tearing  it; 
and  partly  because  when  replacement  is  attempted  m  the  ordinary 
way  the  replaced  iris  is  immediately  pushed  back  into  the  wound 
as  the  instrument  used  is  withdrawn.  A  plan  which  gives  better 
results,  especially  if  the  wound  has  not  reached  the  extreme  periphery 
of  the  'cornea,  is  to  make  a  new  incision  at  some  distance  from  the 
wound  just  sufficiently  large  to  permit  the  introduction  of  a  small 
spatula,  with  which  the  prolapsed  iris  can  be  drawn  back  into  the 
anterior  chamber,  and  as  the  first  wound  closes  behind  it  there  is  little 
tendency  for  it  to  be  again  expelled.  p     •     ,  j 

Management  of  Foreign  Bodies  in  the  Eye.  Where  a  foreign  body 
has  entered  the  eye  the  management  depends  upon  the  presence  or 
absence  of  infection  and  the  nature  of  the  foreign  body.  Where  a  piece 
of  iron  or  steel  has  entered,  its  removal  should  be  attempted  at  once 
with  some  form  of  magnet.  Other  foreign  bodies,  except^  when 
in  the  lens,  must  naturally  be  removed  with  forceps  or  hooks,  if  they 
are  to  be  removed  at  all.  Sometimes  their  removal  is  not  necessary. 
Pieces  of  wood,  stone,  lead,  copper,  and  glass  may  be  tolerated  in 
the  eye  for  an  indefinite  period  if  no  infection  has  occurred  at  the 
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time  of  their  entrance.  So  that  while,  in  a  recent  case,  if  such  a  foreign 
body  can  easily  be  seen  and  reached,  its  removal  should  be  attempted 
at  once,  it  should  be  left  alone  if  this  is  not  the  case  and  there  are  no 
symptoms  of  infection  nor  other  serious  disturbance,  since  the  attempt 
to  remove  it  in  the  dark,  even  with  the  best  localization  possible  by 
means  of  the  .r-rays,  is  more  likely  to  do  harm  than  good  unless  it 
be  very  large.  The  amount  of  toleration  which  the  eye  exhibits 
toward  aseptic  foreign  bodies  which  have  entered  it  without  carrying 
in  or  being  followed  by  germs  from  the  conjunctival  sac,  depends 
primarily  upon  the  amount  of  chemical  reaction  wliich  occurs  between 
them  and  the  fluids  of  the  tissues;  secondarily,  upon  their  becoming 
firmly  fixed  by  fibrous  exudate.  Copper,  iron,  zinc,  and  lead  all  are 
acted  upon  so  as  to  produce  irritating  compounds,  copper  most 
markedly,  lead  least  of  all.  Copper  is  the  only  one  which,  without 
the  aid  of  germs,  will  produce  a  purulent  exudate.  It  also  has  the 
property  of  producing  a  softening  effect  upon  the  tissues,  so  that  in 
quite  a  number  of  cases,  if  left  to  itself,  it  will  work  its  way  to  the 
surface  and  be  expelled  spontaneously.  This  has  been  known  to 
happen  after  a  lapse  of  twenty-one  years.  In  rare  cases  a  bit  of 
copper  is  encapsulated  so  completely  that  its  chemical  action  appears 
to  cease  and  it  causes  no  disturbance  after  the  first  reaction  has  sub- 
sided. It  is  important  to  remember  the  chemical  activity  of  copper 
in  the  eye,  because  a  moderate  amount  of  reaction,  even  when  long 
continued,  need  not  cause  the  same  anxiety  that  would  be  natural 
if  the  inflammation  were  thought  to  be  the  result  of  infection.  The 
copper  may  be  merely  working  its  way  to  the  surface.  It  is  not  best, 
however,  for  the  physician  to  assume  all  the  responsibility  of  advising 
against  operation  in  such  cases.  Whenever  the  reaction  is  prolonged, 
there  is  a  possibility  of  sympathetic  ophthalmia,  which  can  only  be 
obviated  by  removing  the  foreign  body  or  sacrificing  the  eye;  and 
if  it  is  decided  to  attempt  to  remove  a  bit  of  copper  which  has  been 
in  the  eye  for  some  time,  it  should  be  remembered  that,  however 
accurately  it  may  have  been  located  at  the  time  of  its  entrance,  it  is 
liable  to  be  found  at  some  distance  from  this  point  later  on.  Lead 
occurs  in  the  eye  chiefly  or  exclusively  as  the  result  of  shot  wounds. 
These  womids  are  peculiar  in  that  in  spite  of  being  so  small,  imless 
the  shot  is  going  with  sufficient  rapidity  to  go  clear  through  the  globe, 
the  impact  of  the  blunt  though  small  object  is  sufficient  to  produce 
so  much  internal  distm'bance  in  the  form  of  hemorrhages  or  detach- 
ments that  the  sight  is  lost  or  very  seriously  injured,  even  when  no 
sepsis  occurs.  Although  the  wounds  produced  by  shot  in  the  external 
tunics  are  so  small  that  they  are  generally  left  to  themselves,  fresh 
ones  should,  I  believe,  always  be  protected  by  a  conjunctival  flap 
drawn  far  beyond  their  limits  in  the  manner  previously  indicated. 
This  having  been  done,  I  consider  that  any  attempt  to  remove  the 
shot,  unless  it  can  actuaUy  be  seen  with  the  naked  eye,  is  a  mistake. 
If  aseptic,  as  they  usually  are,  shot  will  generally  become  encapsulated 
and  cause  no  subsequent  irritation.    These  injuries  generally  cause 
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SO  much  tissue  disturbance  that  the  congestion  is  apt  to  be  prolonged, 
even  where  there  is  no  sepsis,  and  if,  some  days  after  the  injury,  the 
anterior  chamber  fiUs  up  with  blood  from  the  vitreous,  it  is  well  to 
perform  a  paracentesis,  even  repeatedly,  to  help  clear  up  the  vitreous. 
Shots  that  go  clear  through  the  ball  into  the  orbit  need  no  attention, 
though  they  sometimes  cause  complete  blincbess  by  mjuring  the 
optic  nerve,  either  directly  or  by  the  pressure  from  the  hemorrhage 
which  they  cause.  But  even  where  the  sight  is  immediately  and 
completely  lost  after  such  an  injury,  an  absolutely  bad  prognosis 
should  not  be  given  at  once,  because  at  least  one  such  case  is  on 
record  where  the  sight  returned,  probably  because  the  blindness  was 
due  to  pressure  from  hemorrhage  rather  than  from  direct  injury  to 
the  nerve. 

The  diagnosis  of  shot  m  the  eye  should  not  be  made  too  hastily. 
Occasionally  a  shot  strikes  the  eye  obliquely,  causing  a  hemorrhage 
at  the  margm  of  the  cornea  and  a  rupture  of  the  iris  with  hemorrhage 
in  the  anterior  chamber  without  any  penetration,  although  at  first 
glance  the  physician  is  inclined  to  believe  that  the  shot  must  be  in 
the  eye. 

Other  metals,  except  iron  or  steel,  which  will  be  discussed  later  on, 
occur  so  rarely  m  the  eye  that  they  hardly  need  to  be  considered. 

Small  pieces  of  wood,  glass,  stone,  and  other  indifferent  substances 
are  often  retained  mdefinitely  without  disturbance,  if  they  remain 
immovable;  but  if  free,  they  often  cause  a  mechanical  irritation 
which  necessitates  an  attempt  to  remove  them.  In  decidmg  upon 
such  an  operation  the  danger  of  mistaking,  for  the  foreign  body,  a  bit 
of  exudate  on  the  iris  or  lens  should  be  kept  in  mind.  Such  a  mistake 
is  sometimes  impossible  to  avoid,  and  it  is  probably  often  made. 

A  small  foreign  body  in  the  lens  without  infection  is  best  left  alone 
until  the  lens  is  opaque,  when  it  will  generally  come  out  with  the 
latter,  especially  if  a  broad  incision  and  an  iridectomy  are  made. 

Eyelashes  are  not  infrequently  carried  mto  the  anterior  chamber 
or  vitreous;  they  often  cause  no  disturbance;  but  in  the  anterior 
chamber  they  apparently  sometimes  form  the  starting  point  for  cysts, 
and  in  other  cases  the  germs  which  commonly  adhere  to  their  roots 
may  cause  the  loss  of  the  eye. 

The  Management  of  Bits  of  Iron  or  Steel  in  the  Eye.  The  manage- 
ment of  bits  of  iron  or  steel  in  the  eye  deserves  to  be  considered 
separately,  both  on  account  of  their  behavior  in  the  eye  and  from  the 
fact  that,  unlike  all  other  foreign  bodies,  a  large  proportion  of  them 
can  be  removed  without  their  being  visible  beforehand.  Although  a 
fair  proportion  of  them,  if  aseptic,  become  encapsulated  with  so  little 
reaction  that  the  impression  is  given  that  no  further  harm  will  be 
done  by  their  presence,  sooner  or  later  they  almost  invariably 
become  decomposed,  and  the  soluble  compounds  thus  formed  are 
disseminated  through  the  eye,  producing  the  condition  known  as 
siderosis,  which  shows  itself  externally  by  a  brown  discoloration  of 
the  iris.    Eyes  in  which  this  decomposition  has  gone  on  for  any 
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length  of  time  almost  always,  through  disorganization  of  the  vitreous 
and  detachment  of  the  retina,  lose  any  sight  that  may  have  been  left, 
and  frequently  become  so  h-ritable  that  they  have  to  be  sacrificed, 
both  for  the  sake  of  comfort  and  to  avoid  the  danger  of  sympathetic 
ophthalmia.  As  an  example  of  the  danger  of  allowing  apparently 
innocent  bits  of  steel  to  remain  unmolested,  the  following  history 
may  be  useful.  A  5^oung  man  was  brought  to  me  shortly  after  a  bit 
of  steel,  not  larger  than  half  the  head  of  a  pin,  had  penetrated  his 
cornea,  iris,  lens,  and  retina,  and  remained  so  firmly  fixed  in  the 
choroid  and  sclera  that  the  giant  magnet  did  not  move  it.  As  the 
opacity  first  present  in  the  lens  cleared  up  almost  entirely  and  the 
vision  became  nearly  normal,  the  eye  being  entirely  free  from  irrita- 
tion, it  was  thought  best  not  to  interfere  with  it.  This  condition 
remained  michanged  for  several  months,  when  the  sight  began  to 
diminish  and  the  eye  became  irritable.  He  did  not  return,  however, 
for  nearly  a  year,  and  when  he  did  the  sight  was  entirely  gone  and 
the  eye  was  so  troublesome  that  it  was  removed.  As  illustrating 
what  may  be  accomplished  in  a  similar  case  by  bolder  methods, 
there  is  one  case  on  record  in  which  the  operator  with  the  aid  of  the 
ophthalmoscope  loosened  the  bit  of  steel  with  a  discission  needle 
passed  through  the  sclera,  and  then  with  the  giant  magnet  drew  it 
into  the  anterior  chamber,  whence  it  was  easily  removed. 

Where  the  piece  of  metal  is  very  small  it  sometimes  becomes  entirely 
tlisintegrated  before  the  sight  is  wholly  destroyed,  and  in  this  event 
the  siderosis  sometimes  clears  up,  and  useful  sight  is  retained  without 
any  operation  to  remove  the  metal. 

In  the  management  of  these  cases  the  physician  should  have  at 
least  one  electro-magnet,  for  while  a  certain  number  of  bits  of  steel 
can  be  removed  from  the  anterior  chamber,  the  iris,  lens,  or  even  the 
vitreous,  without  a  magnet,  the  attempt  to  do  this  will  not  infre- 
quently fail,  aiul  many  an  eye  which  might  otherwise  be  saved  will 
be  lost  if  no  efficient  magnet  is  at  hand.  If  a  man  can  have  but  one 
magnet,  perhaps  the  most  generally  available  form  is  the  small  one 
of  Hirschberg  or  Sweet;  each  has  several  interchangeable  points, 
of  which  the  larger  and  blunter  ones  should  be  tried  if  there  is  any 
probability  of  the  metal  being  near  the  surface,  while  the  smaller 
ones  can  be  passed  into  the  anterior  chamber  or  deep  into  the  vitre- 
ous. 

This  can  be  operated  with  various  kinds  of  galvanic  batteries,  but 
it  is  much  more  satisfactory  to  have  it  connected  with  some  power 
current,  and  if  this  is  to  be  done,  the  voltage  of  the  current  to  be 
usetl  should  be  mentioned  in  ordering  the  magnet.  But  to  do  the 
most  satisfactory  work  in  this  line,  it  is  necessary  to  have,  in  addition, 
a  giant  magnet  or  Haab  magnet,  a  sideroscope,  and  access  to  an  .r-ray 
apparatus.  (Fig.  210.)  The  Haab  magnet  may  either  be  mounted  on 
a  stand  or  suspended  from  the  ceiling,  and  while  it  can  be  operated 
with  storage  or  other  batteries,  the  connection  with  a  power  current 
is  much  more  desirable.    Some  apparatus  for  turning  on  the  current 
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gradually  is  an  advantage,  but  much  the  same  effect  can  be  pro- 
duced by  gradually  bringing  the  eye  toward  the  magnet. 

The  sideroscope  of  Asmus  consists  essentially  of  a  magnetic  needle 
suspended  by  a  fibre  of  silk.  By  attaching  a  mirror  to  tliis  and  view- 
ing thi-ough  a  telescope  the  image  of  a  light  reflected  from  it  upon  a 
scale  at  some  distance,  extremely  delicate  results  can  be  obtained 
in  detecting  and  locating  bits  of  steel  or  iron  within  the  eye ;  but  as 
the  instrument  requires  a  special  room,  at  some  distance  from  any 


Fig.  210. 


Haab's  magnet 


trolley  wires,  it  will  probably  be  used  chiefly  in  eye  hospitals.  Hirsch- 
berg  has  had  a  less  comphcated  form  of  the  sideroscope  made  which 
may  come  into  more  general  use. 

The  use  of  the  x-rays  in  discovering  and  locating  foreign  bodies 
in  the  eye  is,  of  course,  not  confined  to  bits  of  iron  or  steel.  Their 
chief  use  is  in  determining  whether  or  not  any  foreign  body  is  present. 
If  the  body  is  large,  it  can  frequently  be  seen  with  the  fluoroscope,  in 
which  case  a  fair  idea  of  its  location  can  sometimes  be  had  by  having 
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the  patient  move  his  eye  in  different  directions  during  the  observ^a- 
tion,  the  shadow  moving  with  the  cornea,  if  the  foreign  body  is  in 


Fig.  211. 


llirschberg's  slderoscope. 
PiQ.  212. 


Sweet's  apparatus  for  localizing  foreign  bodies  in  the  eye. 


the  anterior  half  of  the  globe;  against  it,  if  it  is  in  the  posterior  half. 
Much  more  accurate  work  may  be  done  by  the  method  of  Sweet, 
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which  in  brief,  consists  in  taking  two  or  more  radiographs  with  the 
ube  hi  differeit  positions,  the  plates  being  held  m  exactly  the  same 
position  by  a  special  arrangement  which  at  the  same  time  holds  two 
metal  points  against  the  lids  at  a  definite  distance  from  the  plate 
Bv  comparing  the  positions  of  the  shadows  of  these  points  and  ot  the 
toign  body  on  the  radiograph,  and  carefully  plotting  the  paths 
which  the  x-rays  must  take  from  the  tube  to  the  p  ate  through  a 
circle  representing  the  position  of  the  eyeball,  the  location  ot  the 
foreign  body  can  be  determined  with  considerable  accuracy  by  the 
point  at  which  the  paths  of  the  rays  through  it  ^^tf^ect  within  t^^^^^ 
circle    If  Sweet's  apparatus  is  not  at  hand,  fair  results  can  be  obtained 
by  fastening  three  shot  with  collodion  and  cotton  on  the  outside  ot 


Fig.  213. 


Radiograph  showing  piece  of  steel  in  the  eye.  (Sweet.) 

the  closed  lids,  above,  opposite,  and  below  the  cornea.  It  is  also 
well  to  do  this  before  fluoroscopic  examinations.  As  an  example 
of  the  advantage  of  having  different  methods  of  diagnosis  at  one's 
disposal,  a  recently  reported  case  may  be  cited  in  which,  after  an 
injury,  a  piece  of  steel  in  the  eye  was  suspected,  and  where  the  sidero- 
scope  plainly  indicated  the  existence  of  such  a  fragment;  the  giant 
magnet,  however,  produced  no  effect  upon  it,  and  the  x-rays  showed 
the  presence  of  a  rather  large  foreign  body  in  the  tissues  under  the 
edge  of  the  orbit.  The  patient  then  remembered  that  he  had  been 
struck  in  this  locality  with  a  piece  of  steel  a  long  time  before. 

Assuming  then  that  the  physician  has  all  the  desirable  instruments 
for  the  locating  and  extracting  of  bits  of  iron  and  steel  in  the  eye,  it 
should  be  realized,  in  deciding  what  cases  it  is  worth  while  to  use 


408 


THE  EYE. 


them  on,  that  many  patients  have  foreign  bodies  in  the  eye  without 
knowing  it.  Many  cases  of  otherwise  unexplained  one-sided  cataract 
m  young  people  are  due  to  unobserved  or  long-forgotten  injuries 
which  sometimes  have  included  the  entrance  of  foreign  bodies.  The 
existence  of  siderosis  will,  of  course,  always  suggest  the  presence  of 
iron  or  steel,  even  where  there  is  no  history  of  an  injury.  In  many 
fresh  cases  the  history  given  by  the  patient  frequently  seems  directly 
to  contraindicate  the  entrance  of  a  foreign  body  into  the  eye.  The 
patient  with  only  a  small  or  an  mu-ecognizable  wound  or  scar  feels 
sure  that  he  must  have  been  struck  by  a  large  piece  of  metal,  because 
the  blow  almost  knocked  Mm  down,  or  he  states  positively  that  he 
heard  the  piece  drop  after  striking  the  eye,  and  yet  the  examination 
or  the  subsequent  history  will  often  show  that  no  weight  should 
be  placed  upon  such  statements,  and  that  in  all  cases  of  injury  from 
flying  metal  or  from  unknown  causes  in  the  proximity  of  men 
engaged  in  metal  or  stone  working  a  foreign  body  in  the  eye  should 
be  suspected  and  carefully  searched  for. 

Some  such  routine  as  the  following  is  desirable  when  examimng 
these  patients :  after  testing  the  vision  the  eye  should  be  examined 
by  oblique  light,  and,  if  the  fundus  can  be  seen,  with  the  ophthalmo- 
scope. If  this  is  not  possible,  a  careful  test  of  the  field  of  vision 
will  sometimes  give  a  clue.  If  the  suspected  foreign  body  is  evi- 
dently small  and  has  entered  through  the  cornea  or  close  to  it,  or 
if  a  cataract  is  present  or  is  evidently  forming,  no  time  need  be 
lost  in  a  fresh  case  with  the  use  of  the  i'-rays  or  the  sideroscope; 
but  the  patient,  after  cocainization,  should  be  placed  opposite  the 
giant  magnet,  the  direction  of  the  wound  canal  corresponding  as 
nearly  as  possible  with  the  long  axis  of  the  magnet.  The  current 
is  then  gradually  turned  on  or  the  patient's  head  is  gradually  brought 
toward  the  magnet,  the  eye  being  kept  brightly  illuminated  and 
very  closely  observed  meanwhile.  The  first  sign  of  the  existence 
of  a  piece  of  steel  will  frequently  then  be  given  by  the  occurrence 
of  pain,  or  the  iris  will  begin  to  bulge  in  some  part  of  its  periphery, 
when  the  relation  of  the  eye  to  the  axis  of  the  magnet  should  be' 
changed  so  as  to  favor  drawing  the  piece  of  metal  through  the  pupil 
into  the  anterior  chamber  rather  than  directly  through  the  iris  root. 
In  other  cases  the  first  sign  is  the  sudden  appearance  of  the  frag- 
ment on  the  posterior  surface  of  the  cornea,  whence,  as  the  current 
is  turned  off,  it  generally  falls  to  the  bottom  of  the  anterior  chamber, 
from  which  it  can  easily  be  removed  tlii-ough  a  peripheral  incision 
with  the  small  magnet,  or,  in  some  cases,  with  the  large  one.  (The 
small  magnet  and  the  necessary  instruments  should  previously  be 
sterilized  and  kept  ready  at  hand.)  If  the  steel  cannot  be  drawn 
into  the  anterior  chamber,  nor  tlu'ough  the  root  of  the  iris,  it  may 
be  necessary  to  excise  a  piece  of  the  latter,  in  order  to  complete 
the  extraction. 

Where  there  is  a  fresh  scleral  wound,  or  where  there  is  a  chance 
of  preserving  the  lens  clear,  it  is  best  to  attempt  the  extraction 
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through  the  reopened  wound,  which  should  be  enlarged  at  one  end 
by  a  short  incision  at  right  angles  to  its  main  direction.  In  some 
such  cases  the  steel  shoots  out  through  the  wound  to  the  large  magnet 
before  the  latter  touches  the  eye;  in  others  the  sclera  in  the  neigh- 
borhood of  the  wound  may  be  seen  to  bulge,  but  the  extraction  cannot 
be  completed  without  introducing  the  tip  of  the  small  magnet  for  a 
short  distance.  In  all  cases  where  the  extraction  is  attempted  through 
a  scleral  wound,  the  greater  danger  of  infection  should  be  kept  in  mind, 
and  beside  the  ordinary  precautions  the  wound  should  be  thoroughly 
protected  by  a  conjunctival  flap.  Where,  in  using  either  the  large 
or  small  magnet,  a  gradual  approach  to  the  eye  or  to  the  suspected 
location  of  the  foreign  body  fails  to  remove  it,  the  current  should 
be  tm-ned  off  and  on  quickly  several  times,  in  the  hope  that  the 
sudden  jerks  thus  produced  may  loosen  it. 

Wliere  the' bit  of  metal  is  probably  large— i.  e.,  if  the  external 
wound  is  three-sixteenths  of  an  inch  long— it  is  perhaps  best  not  to 
use  the  large  magnet  at  first,  since  the  forcible  tearing  out  of  such  a 
fragment  has  in  some  cases  caused  the  loss  of  an  eye  which  might  other- 
wise have  been  saved.    In  these  cases  and  in  others  where  the  large 
magnet  produces  no  result,  the  metal  should  be  located  as  accurately 
as  possible,  and  if  it  is  supposed  to  be  in  the  vitreous  an  angular  con- 
junctival flap  should  be  dissected  up,  using  the  wound  for  part  of  it  if 
this  is  suitably  located,  and  one  of  the  blunt  tips  of  the  small  magnet 
introduced  a  short  way  between  its  lips.   If  several  closures  of  the  cir- 
cuit produce  no  result,  a  longer  tip  should  be  introduced  as  near  as 
possible  to  the  supposed  location  of  the  metal ;  and  if  this  attempt  fail, 
the  tip  should  be  moved  slightly  in  different  directions,  and  the 
opening  and  closing  tried  again  before  it  is  withdrawn.    Often  a 
click  caused  by  the  metal  coming  into  contact  with  the  magnet  is 
heard  on  closing  the  circuit.    If  it  is  decided  to  move  the  point  to 
an  entirely  cUfferent  part  of  the  vitreous,  it  is  best  to  withdraw  it 
and  pass  it  in  straight  to  the  desired  point,  in  order  to  avoid  as 
much  as  possible  disorganization  of  the  vitreous.    If  three  or  four 
introductions  fail  to  bring  forth  the  metal,  it  is  best  to  desist,  and, 
after  covering  the  wound  with  the  conjunctiva,  wait  for  further 
developments.    Sometimes  a  bit  of  steel  that  eludes  the  first  attempt 
can  be  better  located  and  removed  after  the  clearing  up  or  extraction 
of  an  opaque  lens.    In  other  cases  the  signs  of  infection  become  so 
evident  that  evisceration  is  called  for. 

WTiere  a  piece  of  steel  is  known  to  be  in  the  opaque  lens,  it  may 
be  questioned  whether  it  is  better  to  extract  the  latter  first,  with  the 
expectation  that  the  steel  will  come  out  with  it,  or  to  draw  the  metal 
into  the  anterior  chamber  with  the  magnet,  and  remove  it  before  ex- 
tracting the  lens.  The  first  manoeuvre  has  always  succeeded  in  the 
cases  in  which  I  have  known  it  to  be  tried;  but  if  for  any  reason  in 
extracting  the  lens  there  should  be  a  prolapse  of  vitreous  before  the 
metal  were  expelled,  the  necessity  of  then  introducing  the  magnet 
Avould  certainly  involve  more  danger  than  the  other  plan. 
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Evisceration,  Enucleation,  and  Opticociliary  Neurectomy.  These 
are  the  operations  most  coinnioiily  employed  as  proijhylactics  and 
to  some  extent  as  treatment  for  sympathetic  ophthalmia. 

Evisceration  or  Exenteration,  as  originally  described,  consists 
in  dissecting-  back  the  conjunctiva  for  a  short  distance  all  around  the 
cornea,  making  a  small  incision  through  the  sclera  about  one-eighth 
of  an  inch  outside  of  the  former;  then,  with  blunt-pointed  scissors, 
which  should  be  kept  between  the  sclera  and  choroid,  completing  the 
excision  of  the  cornea,  including  a  narrow  ring  of  sclera;  then,  with  a 
narrow  blunt  spatula  loosening  the  connections  between  the  sclera  and 
the  choroid;  then,  with  a  broad,  flat,  sharp-edged  spoon  severing  the 
connections  between  the  choroid  and  the  optic  nerve,  and  by  pushing 
with  the  spoon  from  behind  and  pulling  with  a  forceps  from  in  front, 
removing  in  one  piece  choroid,  retina,  vitreous,  lens,  iris,  and  cornea. 
Any  bits  of  choroid  or  retina  which  may  have  escaped  this  process 
are  then  scraped  out,  and,  after  irrigating  the  cavity,  the  conjunctiva 
is  drawn  together  over  the  opening  with  a  purse-string  suture. 
(Fig.  214.)    For  obtaining  pathological  specimens  this  method  is 

Fig.  214.  Fig.  215. 


undoubtedly  the  best,  but  it  is  followed  often  by  quite  an  extreme 
reaction  with  long-continued  pain.  For  the  comfort  of  the  patient 
strictly  simple  evisceration — i.  e.,  without  excising  the  cornea — is 
much  superior.  This  is  done  by  making  an  incision  clear  across  the 
cornea,  extending  for  a  short  distance  into  the  sclera  on  either  side, 
utilizing  any  extensive  corneal  wound  which  may  be  present.  Through 
this  the  entire  contents  of  the  globe  are  scraped  out  with  an  evis- 
ceration spoon,  especial  attention  being  paid  to  the  ciliary  region 
and  to  the  posterior  part  of  the  cavity,  where,  otherwise,  fragments 
of  choroid  or  retina  are  apt  to  be  retained.  The  cavity  is  then  filled 
with  peroxide  of  hydrogen,  and  after  this  has  mostly  boiled  out 
the  size  of  the  cavity  is  reduced  by  pushing  in  the  front  of  the  globe 
about  half-way  toward  the  posterior  wall;  iodoform  or  something 
similar  is  dusted  freely  onto  the'surface,  some  of  it  entering  the  cavity; 
a  bit  of  gauze  is  pressed  against  the  semicoUapsed  ball,  the  lids 
allowed  to  close  over  it,  and  a  firm  bandage  applied.  The  gauze 
should  be  removed  on  the  second  day,  when,  if  there  has  been  no  pain, 
the  first  dressing  should  be  made,  and,  if  any  considerable  pain  occurs, 


Fig.  214.— Stump  after  evisceration,  (de  Wecker.) 
Fig.  215. — Mules'  vitreous  spheres. 
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hot  applications  for  half  an  hour  from  one  to  three  times  a  day, 
continued  for  three  or  four  days,  will  control  it.  The  reaction  fol- 
lowing this  operation  is  comparatively  slight,  and  the  cosmetic  result 
is  much  better  than  where  the  cornea  is  excised.  Where,  as  is  the 
case  with  most  subjects  under  forty  years  of  age,  the -question  of 
the  after-appearance  is  of  much  importance,  Mules'  operation  or 
some  modification  of  it  should  be  employed.  The  essence  of  this 
operation  consists  in  adding  to  the  evisceration  the  introduction  of 
a  glass  ball  into  the  scleral  cavity.  As  originally  performed,  the 
cornea  with  a  triangle  of  sclera  at  either  side  of  it  is  excised  by  two 
curved  incisions,  the  contents  of  the  globe  scooped  out,  a  hollow 
glass  ball  introduced  (Fig.  215  and  216),  preferably  with  the  aid  of 


Mules'  injector,  the  elliptical  opening  closed  by  catgut  sutures,  and 
over  this  the  conjunctiva  is  brought  together  by  silk  sutures,  so 
arranged  that  the  line  of  union  is  at  right  angles  to  the  scleral  wound. 
This,  on  the  average,  gives  an  even  better  stmnp  for  an  artificial  eye. 
than  the  simple  evisceration.  Its  main  drawback  is  that  as  the 
cavity  contracts  the  sclera  is  sometimes  so  tightly  stretched  over 
the  enclosed  ball,  before  union  of  the  wound  is  complete,  that 
the  latter  reopens  and  the  ball  is  extruded,  sometimes  months  after 
the  operation.  Something  may  be  done  to  lessen  the  danger  of  this 
by  uniting  the  scleral  wound  with  a  continuous  silk  suture  and 
drawing  the  conjunctiva  from  above  down  at  least  three-sixteenths 
of  an  inch  below  the  scleral  wound,  where  it  is  anchored  by  stitches 
passing  through  the  episcleral  tissue.  _  _ 

More  time  is  given  for  a  firm  union  of  the  wound  if,  instead  of 
excising  the  cornea,  the  latter  is  left  intact,  and  after  dissecting  up 
the  conjunctiva  around  and  for  some  distance  back  of  it,  the  contents 
of  the  globe  are  removed  through  an  angular  scleral  incision,  one  arm 
of  which  should  be  about  three-quarters  of  an  inch  long,  running 
back  along  the  border  of  the  superior  rectus  muscle,  the  other  from 
one-quarter  to  one-half  inch  long,  parallel  to  the  border  of  the 
cornea,  three-sixteenths  of  an  inch  back  of  it.  This  wound  should 
be  held  widely  open  with  hooks  while  the  evisceration  is  being  com- 
pleted, and  should  be  closed  with  a  single  silk  suture  at  the  angle, 
the  conjunctiva  being  then  drawn  over  the  cornea  by  a  purse-string 
suture.  It  is  more  difficult  to  eviscerate  the  eye  thoroughly  through 
such  an  incision,  but  it  gives  a  better  stump,  and  if  the  glass  ball 
should  ever  be  extruded  from  the  scleral  cavity  after  it,  which  I 
have  never  known  to  happen,  it  would  still  lie  beneath  the  conjunctiva, 
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where  it  would  probably  remain.  Where  this  operation  is  done,  a 
large  part  of  the  cornea  is  absorbed  gradually,  that  which  is  finally 
left  being  flat,  insensitive,  and  causing  no  interference  with  wearing 
a  glass  eye.  In  selecting  a  ball  for  this  operation,  one  of  not  more 
than  half  of  the  diameter  of  the  eye  should  be  taken,  and  if  the  cornea 
is  excised  a  still  smaller  one  is  desirable. 

In  place  of  glass  balls,  balls  of  silver,  with  or  without  gold  plating ; 
aluminum,  bone,  catgut,  sponge,  and  silk  have  been  used.  Some  of 
the  balls  have  been  fenestrated  or  made  of  filigree,  to  catch  the 
granulation  tissue,  and  thus  aid  in  preventing  their  extrusion.  Prob- 
ably none  of  these  substances  has  any  advantage  over  the  glass  if 


Fig.  217. 


Luer's  eye  speculum. 


Fig.  218. 


Fox'.s  lixiiliiiu  forceps. 


Fig.  219. 


Iris  scissors. 


the  latter  is  introduced  properly,  and  some  of  them  are  distinctly 
inferior  to  it. 

Enucleation  or  shelling  the  eyeball  out  of  its  capsule  is  performed 
by  dissecting  back  the  conjunctiva  around  the  cornea,  cutting  off 
each  of  the  recti  muscles  in  turn  by  means  of  a  strabismus  hook  and 
blunt-pointed  scissors,  keeping  the  points  close  to  the  globe;  then, 
after  removing  the  speculum,  dislocating  the  eyeball  forward  by 
pressing  back  on  the  lids  above  and  below,  thus  making  the  optic 
nerve  tense ;  then  passing  strong  blunt-pointed  curved  scissors  back 
along  the  outer  side  of  the  globe  until  the  nei"ve  is  plainly  felt,  and 
cutting  the  latter  far  back  if  there  is  any  suspicion  of  malignant  dis- 
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ease,  or  if  sympathetic  ophthalmia  is  present,  and  detacliing  the 
obUque  muscles  as  the  ball  is  drawn  forward.  A  pad  of  wet  gauze 
or  cotton  is  then  pressed  against  the  Uds,  to  check  the  bleeding, 
iodoform  is  dusted  in  freely,  and  the  eyeUds  closed  with  rather  a 
tight  bandage,  plenty  of  cotton  being  used  beneath  it.  Many  oper- 
ators close  the  conjunctival  wound  with  a  stitch  or  two,  but  I  have 
never  found  this  necessary  nor  advantageous.  In  cutting  the  rectus 
tendons,  sufficient  of  the  external  one  should  be  left  attached  to  the 
globe  to  afford  a  point  of  attachment  for  fixation  forceps.  Where 
the  operation  has  been  preceded  by  long-continued  or  severe  inflam- 
mation. Tenon's  space  is  sometimes  so  nearly  obliterated  that  the 
globe  has  to  be  dissected  out  slowly,  great  care  being  necessary  to 
avoid  perforating  it. 

To  obtain  the  best  possible  stump  after  enucleation,  each  of  the 
rectus  muscles  should  be  secured  by  a  catgut  suture  as  the  tendon 
is  divided,  and,  after  introducing  a  glass  ball  into  the  cavity  left  by 


Fig.  220. 


Strabismus  hook. 


the  globe,  the  muscles  should  be  united  in  pairs  over  its  surface, 
the  conjunctiva  being  brought  together  over  them  and  united  to 
them  by  silk  sutures.  Enclosing  the  ball  in  a  thin  layer  of  sterilized 
sponge  probably  favors  its  retention.  I  have  had  no  experience  with 
this  operation,  and  it  is  too  soon  to  say  how  well  the  glass  ball  is 
retained  and  tolerated  after  it.  If  retained,  it  certainly  will  give  a 
much  better  result  than  can  be  obtained  without  it.  Even  where  an 
eye  has  been  enucleated  for  some  time,  the  attempt  to  introduce  a 
glass  ball  into  the  orbital  tissues  is  justifiable,  and  has  given,  it  is 
claimed,  excellent  results. 

Opticociliary  Neurectomy.  This  operation,  which  practically  has 
superseded  the  previously  proposed  neurotomy  or  simple  division  of 
the  nei-ves,  consists  in  making  a  three-quarters  inch  vertical  incision 
through  the  conjunctiva,  over  the  insertion  of  the  external  rectus, 
dividing  the  tendon  of  the  latter  so  as  to  leave  a  stump  one- 
sixteenth  of  an  inch  long  attached  to  the  sclera,  securing  the 
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long  end  with  a  suture  which  is  drawn  well  to  one  side,  passing 
strong  curved  scissors  along  the  globe  until  the  optic  'nerve  is 
reached  and  plainly  felt,  which  can  be  facilitated  by  drawing  the 
eyeball  forward  as  far  as  possible;  then  dividing  the  optic  nerve  as 
far  back  as  possible,  rotating  the  posterior  end  of  the  globe  forward 
until  it  can  be  seen,  cutting  off  the  optic  nerve  stump  one-sixteenth  of 
an  inch  back  of  the  globe,  clearing  the  posterior  pole  of  the  latter 
by  curved  scissors  of  all  connective  tissue  and  possible  ciliary  nerve 
attachments,  replacing  the  globe,  uniting  the  ends  of  the  rectus 
tendon  with  two  fine  silk  sutures,  and  closing  the  conjunctival  wound. 
Immediately  after  cutting  the  optic  nei-ve  the  hds  should  be  closed 
and  firm  pressure  made  upon  them  with  a  cotton  pad  for  at  least 
three  minutes;  unless  this  is  done,  the  bleeding  into  the  orbital  tissue 
is  such  that  the  ball  sometimes  cannot  be  replaced.  For  the  same 
reason  it  is  important  to  complete  the  operation  as  rapidly  as  pos- 
sible and  hold  the  lids  closed  with  a  firm  bandage.  It  is  sometimes 
necessary  to  sew  the  lids  together  temporarily,  in  order  to  protect 
the  cornea.  In  spite  of  these  precautions  it  may  become  necessary 
to  enucleate  the  globe,  and  the  possibility  of  this  should  always  be 
insisted  upon  to  the  patient  before  doing  the  operation. 

Choice  Between  These  Operations;  Their  Dangers  and  Advantages. 
Death  from  meningitis  has  been  known  to  follow  each  of  these 
operations.  Evisceration  was  first  systematically  employed  to  avoid 
the  danger  of  death  after  enucleation  during  panophthalmitis,  and, 
although  death  has  been  known  to  follow  it  also,  it  probably  is 
less  dangerous_  than  either  of  the  others,  since  there  is  less  chance 
in  doing  it  of  infecting  the  orbital  tissues.  The  danger  is  slight  in 
any  event,  but  its  possibility  should  be  kept  in  mind  and  the  strictest 
precautions  to  avoid  it  observed.  Whether  any  operation  beyond 
freely  incising  the  globe  should  be  done  in  florid  panophthalmitis  is 
a  moot  point;  but,  on  the  whole,  a  simple  evisceration,  followed  by 
the  free  use  of  peroxide  of  hydrogen  in  the  cavity,  is  the  most  rational 
procedure,  though  it  must  be  admitted  that  where  the  inflammation 
has  been  especially  violent  or  long  continued  the  sclera  itself  is  occa- 
sionally so  thoroughly  infected  that  it  becomes  necessary  to  excise 
it  later  on. 

Enucleation  is  the  operation  preferred  by  most  authorities.  It  is 
a  necessity  in  cases  of  intra-ocular  tumors  of  the  eye  and  in  some 
cases  of  malignant  disease  of  the  exterior  of  the  globe,  or  of  the  con- 
junctiva or  orbital  tissues.  It  should  always  be  preferred  in  the 
treatment  of  an  actually  broken-out  sympathetic  ophthalmia.  The 
main  advantages  in  other  cases  are  the  slight  reaction  which  gen- 
erally follows  it  and  its  greater  simplicity  as  compared  with  Mules' 
operation  or  opticociliary  neurectomy.  The  dangers  connected  with 
it  are,  first,  that  of  enucleating  the  wrong  eye.  It  would  seem 
almost  incredible  that  this  could  ever  happen  were  it  not  that  it 
has  actually  occurred.  A  good  eye  has  been  enucleated  and  a  blind 
one  left.    This  danger  is  not  peculiar  to  enucleation,  for,  while  it 
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has  not  been  known  to  occur  with  either  of  the  other  operations, 
there  is  no  reason  why  it  might  not  occur  with  them  also.  In  sonic 
clinics  it  is  customary  to  guard  against  this  possibility  by  marking 
with  pencil  or  ink  the  brow  on  the  side  to  be  operated  upon.  Death 
from  hemorrhage  has  been  known  to  occur  after  enucleation,  also 
orbital  cellulitis  and  orbital  abscess,  but  these  accidents  are  of  the 
utmost  rarity. 

Evisceration  is,  in  my  opinion,  the  operation  of  choice  as  a  prophy- 
lactic for  sympathetic  ophthalmia,  although  the  weight  of  authority 
is  in  favor  of  enucleation.  Where  the  simple  evisceration  is  done,  it 
is  easier,  safer,  and  much  more  likely  to  give  a  good  stump  than 
enucleation,  and  the  reaction  following  it,  if  hot  applications,  or,  as 
some  prefer,  ice,  are  employed  for  a  few  days,  is  little,  if  any,  greater. 
The  same  advantages,  except  that  of  simplicity,  with  the  additional 
one  of  giving  a  better  stump,  pertain  to  Mules'  operation,  and  the 
fact  that  the  eyeball  does  not  have  to  be  entirely  removed  induces 
some  people  to  permit  evisceration  where  enucleation  would  be 
refused.  The  objections  commonly  urged  against  it  are  the  great 
reaction,  which,  as  has  been  said,  can  be  practically  done  away  with 
if  the  simple  operation  is  done,  and  the  greater  danger  of  sympathetic 
ophthalmia  after  it,  an  objection  which,  in  my  opinion,  rests  upon 
entirely  insufficient  ground.  Another  possible  objection  is  that  a 
small  choroidal  sarcoma  whose  existence  was  unsuspected  might  be 
eviscerated  without  being  noticed,  although  retrobulbar  metastases 
were  already  in  progress.  I  know  of  one  such  case,  and  only  one, 
where  a  subsequent  evisceration  of  the  stump  showed  a  retrobulbar 
sarcoma.  In  the  rare  cases  where  there  is  the  slightest  question  of 
anything  of  the  land  this  can  generally  be  guarded  against  by  careful 
inspection  of  the  contents  of  the  globe  and  the  inner  surfaces  of  the 
sclera.  An  infectious  necrosis  of  the  inner  layers  of  the  sclera  has 
been  mentioned  as  a  possible  complication  of  severe  or  long-continued 
panophthalmitis,  which  should  contraindicate  the  use  of  the  glass  ball 
where  the  eye  is  eviscerated  under  these  conditions. 

Opticocihary  neurectomy  is  highly  recommended  by  a  few  opera- 
tors; but  since  it  leaves  the  choroidal  tissues  intact  as  a  breeding- 
ground  for  germs,  which,  it  has  been  shown,  can  pass  freely  out  of  the 
optic  nerve  stimip,  it  probably  is  the  least  efficient  of  any  prophy- 
lactic operation  for  sympathetic  ophthalmia.  It  should  be  recom- 
mended as  a  prophylactic  only  where  one  of  the  other  operations  is 
refused,  or  where,  in  the  mind  of  the  operator,  the  risk  of  sympathetic 
ophthalmia  is  so  slight  that  he  feels  warranted  in  assuming  part  of  the 
responsibility  for  it.  In  cases  of  absolute  and  painful  glaucoma  it 
is  often  efficient,  though  not  so  certain  in  its  results  as  evisceration. 
Its  advantages  are,  that  it  will  sometimes  be  consented  to  where 
other  operations  are  refused,  and  that,  although  the  eye  thus  saved 
is  seldom  as  good-looking  as  an  artificial  eye,  it  is  less  troublesome, 
and  in  children  it  permits  normal  development  of  the  orbit  and 
temporal  region.    The  evisceration  can  be  performed  later  on  in  life 
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if  it  is  desired  for  cosmetic  purposes.  The  operation  is  more  difficult 
and  probably  more  dangerous  than  either  evisceration  or  enucleation. 

Artificial  Eyes.  An  artificial  shell  may  be  inserted  either  into 
the  cavity  left  by  enucleation  or  over  the  stump  obtained  by  an  evis- 
ceration or  one  of  its  modifications.  This  should  not  be  done  in  any 
event  until  the  wound  is  entirely  healed,  which  is  usually  in  from 
ten  days  to  three  weeks  after  the  operation.  The  use  of  an  artificial 
eye  should  always  be  advised,  for,  in  addition  to  its  cosmetic  value, 
it  prevents  the  irritation  of  the  conjunctiva  wliich  results  when  the 
lower  lid  becomes  inverted.  To  insert  an  artificial  eye,  the  upper 
lid  should  be  drawn  forward  and  the  larger  end  of  the  shell,  which 
should  be  moistened,  slipped  vertically  under  it.  Tlie  lower  lid  should 
then  be  depressed,  and  the  shell  slowly  rotated  into  its  horizontal 
position.  The  shell  is  removed  by  slipping  a  small  hook  under  the 
lower  edge,  and  then  making  gentle  traction  upon  the  lower  lid 
downward  and  while  the  shell  is  drawn  forward.  The  "  reform  "  eye 
has  broad,  smooth  edges  and  is  better  adapted  to  some  stumps. 

As  the  enamel  covering  the  eye  soon  loses  its  polish,  great  care 
should  be  taken  to  preserve  it  as  long  as  possible.    For  this  purpose. 


as  well  as  for  the  opportunity  offered  to  flush  the  socket  with  some 
mild  antiseptic  lotion,  the  eye  should  always  be  removed  during  sleep, 
and,  after  careful  washing,  thoroughly  dried.  If,  as  sometimes  hap- 
pens, the  lids  adhere  to  the  shell,  a  little  vaseline  may  be  introduced 
into  the  socket;  but  if  the  conjunctiva  becomes  roughened  and  catar- 
rhal, it  may  be  necessary  to  discontinue  wearing  the  eye  for  a  time, 
until  the  mucous  membrane  has  received  proper  treatment. 
.  As  a  rule,  an  artificial  eye  requires  repolishing  after  eighteen 
months  of  continuous  use. 

It  sometimes  happens  that  an  artificial  eye  cannot  be  retained 
on  account  of  a  deformity  in  the  contour  of  the  socket.  This  hap- 
pens after  burns  and  long-standing  diseases  of  the  conjunctiva  which 
occasion  cicatrices,  and  not  rarely  after  the  use  of  ill-fitting  or  badly 
polished  artificial  eyes.  Under  such  circumstances  an  operation  is 
necessary.    One  of  the  best  of  these  is  the  procedure  of  Harlan.' 

Transplantation  into  the  orbit,  after  excision  of  the  cicatrices,  of 
Thiersch  grafts  or  mucous  membrane  from  the  lips  or  vagina,  has 
also  been  tried  with  success. 


Fig.  222. 


Arllflcial  human  eyes. 


'  de  Sohweinilz  and  Randall.   AinerlcBn  Text-book  of  Dleases  of  the  Eye,  p.  600. 
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DISEASES  OF  THE  HETINA,  Oi^TIO  NERVE,  AND  ITS 

CEIiEBIlAL  (JltlGlN. 

By  T.  HOLMES  SPICER,  F.Il.C.S. 

THE  RETINA. 

TffK  living  rftiria  i.s  a  tran.Hparont.  rnf;rribranf;  of  a  .slightly  purple 
color,  containing  the  expanded  termination  of  the  optic  nerve. 
It  Is  in  c(>ntact  with  the  choroid  on  its  outer  surface,  and  with  the 
hyaloid  membrane  of  the  vitreoas  within.  It  extrmds  forward  as 
far  as  thf;  ora  Herrata,  wherf;  it  ends  in  a  wavy  edge  near  the  ha.se 
of  the  ciliary  proce.s.s<;H.  Jieyond  the  ora  serrata  it  i.s  continued  in  a 
rudimentary  form  over  the  ciliary  processr^  Cpars  ciliari.s  retina,-;  and 
the  back  of  the  iris  to  the  edge  of  thf;  pupil  Cpars  irirlica  retina;;. 
The  parts  of  the  retina  which  can  be  idf;ntified  are  the  optic  di.sk  or 
papilla,  at  which  the  retina  starts,  and  the  yellow  spot  or  maeula  lutea, 
a  ho.'-izontal  y(;llow  oval  patch  at  about  two  and  one-half  optic  disk 
diamettjrs  outside  the  disk.  At  the  centre  of  the  macula  is  the  fovea 
centralL'*,  a  small  pit  or  depression,  where  all  the  layers  of  the  retma, 
except  that  of  the  rods  and  cones,  are  absent;  cones  are  present  only 
in  the  fovea.  The  rods  become  nurneroas,  and  the  cones  decrease 
in  number  as  they  recede  from  the  yellow  spot. 

The  fibres  of  the  optic  nerve  witWn  the  eye,  con.sisting  of  axis 
cylinders  only,  radiate  in  all  directions  from  the  disk  and  form  the 
innermost  or  nerve-fibre  layer  of  the  retina.  The  retina,  in  sec- 
tions made  perpendicularly  to  its  surface,  is  found  to  contain  the 
following  layers: 

1.  Nerve-fiVjre  layer. 

2.  Ganglionic  cell  layer. 
,3.  Inner  molecular  layer. 

4.  Inner  nuclear  layer. 

5.  Outer  molecular  layer. 

6.  Outer  nuclear  layer. 

7.  Rods  and  cones. 

8.  Hexagonal  pigment  cells. 

There  are  also  an  inner  and  an  outer  limiting  membrane,  the  latter 
lying  between  the  outer  nuclear  and  the  rod  and  cone  layer. 

Most  of  the  fibres  of  the  nerve  layer  end  in  the  cells  of  the  ganglionic 
layer,  but  a  few  are  continued  into  the  inner  molecular  and  inner 
nuclear  layers.    The  molecular  and  nuclear  layers  of  the  retina  con- 
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Fig.  223. 


Adjacent  to  the  choroid. 


Adjacoiit  10  llio  vitreous. 


Scheme  of  the  structure  of  the  hiimnn  relinii. 


A.  Uorizontiil  section,  hromaloxylin  stain.  I.  IMgment  epithelial  layer.  II.  I,ayer  of  rods  and 
cones:  a.  External ;  ft.  Internal  elements.  III.  External  limiting  mombrQiic.  IV.  External  molecu- 
lar layer:  c.  Fibre  layer.  V.  External  granular  layer.  VI.  Internal  molecular  layer:  d.  Spongio- 
blasts ;  e.  Supporting  fibres  of  Mllller  ;  /.  Nuclei  of  the  same.  VII.  Internal  granular  layer.  Vin. 
I>ayer  of  ganglion  cells.   IX.  Nervc-llbrc  layer.   X.  Internal  limiting  membrane. 

B.  Demonstration  after  the  method  of  Golgi.  I.  Pigment  epithelial  layer.  II.  Layer  of  rods  and 
cones  III.  Molecular  and  visual  cells.  IV.  External  i>lexiform  layer.  V.  Layer  of  horizontal 
cells.  VI.  Layer  of  bipolar  cells.  VII.  Layer  of  amacrine  cells.  VIII.  Internal  plexiform  layer 
(fibre  layers).  IX.  Layer  of  ganglion  cells.  X.  Nerve-fibre  layer :  1.  Diffuse  amacrine  cells ;  2.  Dif- 
fu.se ganglion  cells;  3."  Centrifugal  nerve  fibres;  4.  Association-amacrinc  cells;  5.  Neuroglia  cells; 
0.  Supporting  fibres  of  MUller. 

sist  of  nerve  cells  or  of  their  processes.  The  rods  and  cones  are 
imbedded  at  then  outer  ends  in  the  retinal  pigment,  a  layer  of  hexag- 
onal cells;  the  inner  surfaces  of  these  cells  are  prolonged  into  fine 
processes,  which  pass  between  and  among  the  outer  parts  of  the  rods 
and  cones.  Under  the  influence  of  light  the  pigment  comes  forward 
into  the  anterior  part  of  the  cell  and  is  found  between  the  rods;  ni 
darkness  it  is  collected  in  the  body  of  the  cell.  The  function  of  this 
pi-^ment  is  to  renew  the  visual  purple  or  rhodopsiii,  after  the  latter 
ha's  become  bleached  by  the  influence  of  light.  There  are  certain 
other  sustentacular  or  supporting  fibres  in  the  retina,  passing  from 
the  anterior  to  the  posterior  limiting  membrane— fibres  of  Muller. 

The  vessels  of  the  retina  are  derived  from  the  central  artery  and 
vein  of  the  retina.    These  start  at  the  disk,  dividing  and  subdividing. 
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until  they  reach  the  periphery,  but  the  branches  do  not  anastomose 
with  one  another;  the  circulation  is  terminal.  The  _  importance  of 
this  is  shown  in  the  interference  with  the  circulation  of  the  eye 
by  blockage  of  a  vessel.  No  assistance  can  be  obtained  from  the 
circulation  in  the  adjacent  parts.  There  is  a  limited  collateral  cir- 
culation between  the  retuial  vessels  at  the  margin  of  the  optic  disk 


Fig.  224. 


Fig.  225. 


Pigment  epithelium  of  the  human  retina. 


and  branches  of  the  short  ciliary  arteries, 

known  as  the  circle  of  Zinn,  and  sometimes 

a  retinal  vessel  may  arise  entirely  from  this 

source;  it  is  then  known  as  a  cilio-retinal 

vessel.    The  vessels  lie  in  the  imiermost  or 

nerve-fibre  layer;  hence  the  outermost  parts 

do  not  receive  nutrition  from  the  retinal 

vessels,  but  from  the  rich  choroidal  capil- 
laries, with  which  they  are  in  close  contact. 

The  retinal  capillaries  are  extremely  fine,  and 
their  meshes  are  closer  at  the  j^ellow  spot  and 
its  immediate  neighborhood  than  toward  the 
periphery;  but  at  the  fovea  or  central  de- 
pression the  capillaries  are  entirely  absent. 

The  retina  is  the  essential  organ  of  vision : 
light  entering  the  eye  traverses  all  the  layers  of  the  retina  imtil  it 
reaches  the  posterior  surface  of  the  layer  of  rods  and  cones.  The  light 
stimuli  are  received  by  the  rods  and  cones,  and  are  transferred  by 
means  of  the  optic  nerve  to  the  brain,  where  they  give  rise  to  the  im- 
pression of  sight.  The  region  of  acute  sight  is  at  the  fovea,  a  small 
depression  at  the  centre  of  the  macula  which  corresponds  with  an  area 
at  the  centre  of  the  visual  field,  one  and  one-half  degrees  in  diameter. 
The  elements  of  the  retina  at  this  point  are  3  //  apart ;  this  is  expressed 
best  by  saying  that  two  bodies  in  the  visual  field  are  not  seen  clearly 


Human  rod  und  cone. 
(Gkaefe-Saemisch.) 
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unless  subtending  an  angle  of  at  least  60".  The  nerve  supply  of 
the  fovea  is  more  abundant  than  that  of  any  part  of  the  retina.  In 
a  case  in  which  one-fortieth  only  of  the  field  of  vision  was  lost,  Bunge 
found  an  atrophy  of  about  one-quarter  of  the  whole  optic  nerve. 

The  medullary  sheath  of  the  optic  nerve  fibres  ends  at  the  lamina 
cribrosa,  but  it  is  in  rare  cases  present  in  the  disk  and  extends  to  a 

Fig.  226. 


Section  througli  the  macula.  (Graefe  and  Saemisch.) 


var5dng  extent  into  the  retina.  This  condition  is  known  as  opaque 
nerve  fibres  or  retained  nerve  sheath.  (Fig.  227.)  It  may  affect  a  por- 
tion or  the  whole  of  the  disk,  and  may  extend  a  long  way  into  the 
retina.  In  rare  cases  separate  islands  of  opaque  nerve  fibres  are  seen 
in  the  retina.    These  fibres,  of  a  pure  white  or  greenish-white  color, 


Fig.  227. 


Opaque  optic  nerve  fibres. 


are  densely  opaque,  with  a  striated  surface  and  an  edge  which  can  be 
seen  to  spread  out  along  the  fibres  of  the  nerve.  The  retinal  vessels 
are  seen  on  the  surface  of  the  opaque  fibres  or  lie  buried  or  partly 
buried  beneath  the  surface.  The  portion  of  the  retina_ affected  with 
opaque  nerve  fibres  is  blind.  After  severe  optic  neuritis  or  neiu-o- 
retinitis,  these  fibres  have  been  found. to  disappear. 
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Retinitis. 


Inflammation  of  the  retina  may  occur  as  the  result  of  an  injury 
or  from  the  concentration  of  brilliant  light  of  the  sun  or  of  the 
electric  arc  upon  it;  but,  as  a  rule,  it  is  the  manifestation  often  the 
only  one,  of  grave  constitutional  disease,  such  as  albummuna, 
general  arterial  sclerosis,  syphilis,  leukaemia,  or  diabetes. 

Hyperffiinia  or  congestion  of  the  retinal  capillaries  cannot  be  recog- 
nized, the  retinal  capillaries  being  themselves  invisible,  but  the  con- 
dition of  the  visible  bloodvessels  may  often  enable  one  to  chagnose 
a  condition  of  general  retinal  hyperemia,  such  as  largeness  or  tor- 
tuosity of  the  arteries,  and  distention,  tortuosity,  and  dark  color  of 

the  veins.  ,,,1.1 

All  pathological  changes  in  the  retina  show  themselves  by  a  loss 
of  transparency,  the  affected  parts  become  gray  or  white  and  opaque, 
the  vessels  are  indistinct  or  entirely  obscured,  and  the  underlying 
choroid  less  clearly  seen  than  in  other  places.  In  some  cases  the  red 
reflex  from  the  choroid  is  dulled,  so  that  the  retina  appears  to  have 
a  smoky  hue.  This  opacity  may  be  diffuse  and  occupy  a  large  part 
of  the  retina,  or  it  may  be  limited  to  one  region,  or  may  show  itself 
in  circumscribed  areas  separated  by  healthy  retina. 

Inflam^matory  changes  are  often  accompanied  by  hemorrhages  into 
the  retina.  These  may  be  hnear  in  shape,  and  may  bear  a  relation 
to  a  visible  bloodvessel;  they  may  be  punctate,  streaked,  or  flame- 
shaped,  owing  to  the  direction  of  the  nerve  fibres  m  which  they  he. 
They  are  generally  rounded  in  the  deeper  parts  of  the  retina;  the 
only  symptoms  present,  as  a  rule,  are  diminution  of  sight  with  occa- 
sional flashes  of  light  or  flickerings,  distortion  of  objects,  such  as 
straight  lines  (metamorphopsia) ,  diminution  in  size  of  objects  (mi- 
cropsia), or  night  blindness.  In  some  cases  floating  specks  are  seen 
before  the  eyes,  which  are  ascribed  to  bi'ioUsness;  and  ophthalmo- 
scopic examination  may  be  the  first  indication  afforded  of  severe 
constitutional  disease. 

Syphilitic  Retinitis.    Syphilitic  retinitis  may  show  itself  either 
in  association  with  choroiditis,  as  choroid o-retinitis,  or  as  a  pure 
retinitis.    It  occurs  during  the  secondary  period  of  syphilis,  between 
the  sixth  and  the  eighteenth  month  after  the  primary  sore.    It  occurs 
m  congenital,  as  well  as  in  the  acquired  disease,  and  generally  attacks 
both  eyes.    It  runs  a  very  chronic  course,  lasts  many  months,  and 
shows  a  marked  tendency  to  recur.    The  ophthalmoscopic  signs  are 
an  exudation  into  the  vitreous,  generally  into  its  posterior  part.  This 
exudation  is  very  fine,  but  can  generally  be  resolved  into  actual 
dust  opacities  by  the   ophthalmoscope;  it  obscures  the  fundus 
and  may  hide  the  deeper  parts  entirely  from  view,  but  it  is 
often  possible  to  recognize  through  the  haze  the  hypera^mic  con- 
dition of  the  optic  disk,  with  great  enlargement  and  tortuosity  of 
both  arteries  and  veins.   There  may  be  spots  or  white  areas  of  exu- 
dation into  the  retina,  and  hemorrhages  are  often  present.    In  the 
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later  stages  the  vitreous  clears ;  the  arteries  are  then  found  diminished 
in  size,  and  both  arteries  and  veins  are  sheathed  in  white.  The  retina 
remains  opaque  and  fibrous  looking,  and  contains  pigment  along 
the  sheaths  of  the  vessels  or  scattered  irregularly,  chiefly  at  the 
periphery.    (Fig.  228.) 


Fig.  228. 


Atrophy  of  retina.   Pigmentation  of  slieaths  of  retinal  vessels  after  syphilitic  retinitis.  Note  white 
lines  along  the  retinal  veins  ;  pigmentation  of  veins  at  periphery,  arrangement  of  pigment  between 
the  main  vessels  resembling  retinitis  pigmentosa. 
\ 


The  loss  of  sight  bears  no  relation  to  the  ophthalmoscopic  changes. 
It  may  from  the  first  be  much  reduced,  and,  after  subsidence  of  the 
disease,  may  remain  so;  while  in  other  cases  the  sight  generally  may 
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be  considerably  restored,  but  blind  areas  (scotomata),  o^a  nng-sh^^^^^^^ 
area  of  blindness  (annular  scotoma)  may  be  left  behind,  ireat 
n  ent  should  be  begun  without  delay.  If  mercury  be  given  to  the 
h  n?t  S  safety,  the%ourse  of  the  cUsease  may  be  shortened  and 
sonVe  of  its  worst  effects  avoided.  Inimction  is  perhaps  the  most 
aSactory  method  of  giving  mercury  it  ^l^-^^^  ^e  pushed  ^^^^^ 
there  is  slight  tenderness  in  the  gums.  This  may  be  ^^l^ei  nated  wit^^ 
subcutaneous  injections  of  mercury,  or  with  niercury  with  chalk, 
taken  by  the  mouth.  The  mercurial  treatment  should  be  earned  ou. 
until  the  disease  has  come  to  an  end  and  sufficient  time  has  passed  to 


Fig.  229. 


1 

y  1 

1  ^ 

Albuminuric  retinitis  in  a  case  of  acute  nephritis,  showing  areas  of  soft-edged,  oedematous- 
looking  exudation  into  the  retina,  with  hemorrhages. 

render  recurrences  improbable.  To  this  treatment  should  be  added 
Turkish  baths,  subcutaneous  injections  of  pilocarpme,  and  m  the 
later  stages  iocUde  of  potassium.  At  the  same  time  dark  glasses 
should  be  worn  and  all  use  of  the  eyes  prohibited;  the  glasses  should 
be  domed,  of  neutral  color,  and  rather  dark  shade,  with  sides  pro- 
tected by  gauze  or  crape,  to  exclude  light;  some  surgeons  speak 
highly  of  spectrum  blue  glasses.  It  is  doubtful  whether  othei- local 
measures,  such  as  leeching  or  counter-irritation,  have  any  ettect. 

Albuminuric  Retinitis.  Inflammation  of  the  retina  associated 
with  renal  disease  occurs  very  often  during  the  course  of  a  chronic 
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interstitial  nephritis  or  granular  kidney.  It  occurs  also  in  chronic 
parenchymatous  nephritis,  in  the  kidney  disease  of  pregnancy,  and 
also  less  commonly  during  an  attack  of  acute  nephritis.  (Fig.  229.)  It 
is  convenient  to  class  all  these  varieties  under  the  heading  of  albu- 
minuric retinitis,  although  it  must  be  understood  that  albumin  is  not 
present  constantly  in  all  cases;  it  occurs  in  two  forms,  at  least:  the 
inflammatory  and  the  degenerative. 

Inflaminatorg  Retinitis.  AVhere  the  disease  is  running  an  acute 
coui-se,  whatever  be  the  fundamental  nature  of  the  kidney  affec- 
tion, we  meet  in  the  retina  with  soft  white  flocculent  patches  of 
exudation,  combined  with  oedema  covering  large  areas,  with  swelling 
and  haze  of  the  disk.  Hemorrhages  are  sometimes  present  as  small 
red  points  or  flame-shaped  masses  of  blood  in  the  nerve-fibre  layer. 
This  form  of  retinitis  is  not  always  associated  with  much  impairment 
of  vision,  and  is  seen  less  frequently  than  the  other  form.  It  is  most 
commonly  met  with  in  the  chronic  large  white  kidney  stage  of  neph- 
ritis; it  persists  for  a  few  weeks,  and,  with  general  treatment,  it  may 
disappear  and  leave  no  trace.  Tliis  exudative  or  inflammatory  form 
of  retinitis  is  frequently  accompanied  by  a  great  deal  of  exudation 
into  the  optic  nerve,  producing  a  condition  closely  resembUng  the 
optic  neuritis  of  intracranial  disease. 

The  other  form  of  retinitis,  the  degenerative,  is  sometimes  seen  after 
subsidence  of  the  acute  exudation,  but  generally  occurs  independently. 
It  consists  of  very  brilliant  dazzling  white  spots  about  the  macular 
region.    Its  most  characteristic  form  is  very  like  an  asterisk  radiating 
from  the  yellow  spot.    J']ach  dot  of  which  the  asterisk  is  made  up 
has  a  sharply  defined  or  hard  edge,  and  the  surrounding  retina  appears 
to  be  darkened,  possibly  from  contrast  with  the  bi-illiant  exudation. 
The  exudation  consists  mainly  of  granules  mixed  with  fatty  deposit 
in  the  nervous  and  supporting  elements  of  the  retina,  and  probably 
owes  its  peculiar  arrangement  to  the  folds  into  which  the  retina  is 
thrown  by  (cdema.    Hemorrhages  are  generally  present  also,  and 
may  be  punctate,  striated,  linear,  or  flame-shaped.    The  tendency  is 
for  the  exudation  to  become  absorbed  and  for  sight  to  be  somewhat 
improved.    It  is  rarely  entirely  absorbed,  however,  and  months  after 
a  few  dots  may  generally  be  seen  near  the  yellow  spot;  the  hemor- 
rhages also  become  absorbed  slowly.    A  peculiarity  which  is  seen  in 
some  cases  is  pigmentation  of  the  retina,  which  has  been  found  on 
microscopic  examination  to  lie  outside  the  external  limiting  mem- 
brane.   In  severe  cases  of  albuminuric  retinitis  accompanied  by 
marked  papillitis  the  recovery  of  sight  never  proceeds  very  far,  and 
if  the  disk  becomes  atrophic,  vision  may  be  almost  entirely  lost.  Sight 
may  be  lost  also  in  kidnej'^  disease  without  the  occurrence  of  retinitis. 
The  sight  fails  rapidl}^  and  completely  without  any  cause  being  dis- 
cernible by  the  ophthalmoscope;  but  after  a  few  hours  recovers 
slowly.    The  patient  has  headache,  vomiting,  and  the  other  symp- 
toms of  urtemia,  and  the  blindness  is  urcemic  amaurosis.    In  the 
albuminuria  of  pregnancy  the  retinitis  may  come  on  comparatively 
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early,  or  may  be  delayed  until  near  the  end  of  the  pregnancy.  It 
follows  an  acute  course,  and  is  attended  by  great  disturbance  of 
function,  but  complete  recovery  is  often  obtained. 

Recovery  is  more  likely  to  occur  in  the  inflammatory  or  exudative 
form  of  retinitis  than  in  the  degenerative  form.  Changes  in  the  vessels 
are  marked  in  the  degenerative  form.  The  small  arteries  are  thick- 
ened and  rigid,  especially  the  inner  coat,  and  their  lumen  becomes 
diminished;  the  capillaries  participate  in  this  rigidity.  (Fig.  230.) 
This  change  shows  itself  very  clearly  by  the  ophthalmoscope,  as  has 
been  described  by  Marcus  Gunn.  The  smaller  arteries  of  the  retina 
have  their  central  light  streak  wider  and  more  brilliant  than  usual. 


Fig.  230. 


Albuminuric  retinitis.  Granular  kidney.   Note  hard-edged  "asterisk"  exudation  at  y  s,  the  silver- 
wire  condition  of  the  arteries,  and  the  punctate  and  linear  hemorrhages. 


so  that  the  whole  vessel  appears  like  a  piece  of  silver,  or  rather,  of 
gold  wire,  and  gives  one  the  impression  of  being  hard,  round,  and 
tense.  At  the  same  time  the  artery  shows  signs  of  degeneration 
in  the  form  of  small  bright  spots  in  its  coat.  Where  it  crosses  the 
veins  the  blood  current  in  the  latter  is  interfered  with,  so  that  the 
column  of  blood  appears  to  be  cut  in  two,  and  the  distal  part  is  dis- 
tended by  the  obstruction.  In  more  advanced  arterial  disease  there 
are  slight  inequalities  in  calibre  of  the  arteries  in  different  places,  and, 
occasionally,  small  aneurisms  may  form  on  them.  The  distended 
veins  sometimes  rupture,  owing  to  degeneration  of  their  coats  from 
stasis  of  the  blood  within  them,  and  they  may  undergo  fusiform 
enlargement.    Hemorrhages  may  occur  also  from  the  arteries  them- 
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selves.  One  of  the  common  results  of  this  form  of  arterial  degenera- 
tion is  the  occurrence  of  an  area  of  thrombosis  of  the  vein  at  the 
point  where  it  is  crossed  by  an  artery.  This  is  followed  by  an  inflam- 
matory exudation,  completely  obscuring  the  vessels  at  the  place  of 
contact,  while  hemorrhages  are  poured  out  from  the  vein  beyond  the 
obstruction.  These  changes  in  the  vessels  are  seen  generally  after 
about  forty  years  of  age,  but  may  appear  earlier — indeed,  almost  at 
any  age.  They  may  be  said  to  be  almost  characteristic  of  granular 
kidney,  although  they  are  seen  frequently  in  patients  in  whom  no 
other  signs  of  granular  kidney  can  be  fomid,  except,  perhaps,  a  hard, 
incompressible  artery  at  the  wrist. 

Prognosis.  This  is  to  be  regarded  from  the  point  of  view  of  recovery 
of  vision,  and  also  with  respect  to  the  duration  of  life.  As  has 
been  saicl,  the  exudative  or  inflammatory  form  of  retinitis  may  be 
absorbed  entirely  and  leave  the  vision  little  impahed.  The  degen- 
erative form  takes  much  longer  to  become  absorbed,  is  less  likely 
to  be  absorbed  at  all,  and  may  leave  permanent  changes  in  the 
macular  region,  which  may  interfere  greatly  with  vision.  The  preg- 
nancy forms  are  likely  to  recover,  provided  that  pregnancy  is  near  its 
end,  or  if  it  can  be  determined  by  premature  delivery.  As  regards 
the  duration  of  life  in  the  exudative  forms  accompanying  parenchj^- 
matous  ncplu-itis,  although  the  retinal  changes  may  be  very  great, 
the  prognosis  is  not  extremely  grave,  for  the  condition  of  the  kidney 
may  be  recoveretl  from.  In  the  degenerative  forms  accompanying 
granular  kidney  the  duration  of  life  is  short;  in  hospital  patients  the 
average  duration  of  life  has  been  noted  by  Miley  among  45  cases  to 
be  under  four  months,  and  the  extreme  duration  under  two  years; 
but  other  observers  have  noted  less  unfavorable  results.  The  pro- 
longation of  life  seems  to  depend  upon  the  amount  of  care  that  can 
be  taken  of  the  health.  Thus  another  observer  found  ahiong  hospital 
patients  that  all  the  men  died  within  two  years,  and  68  per  cent,  of  the 
women,  and  among  private  patients  only  59  per  cent,  of  the  men  died, 
and  53  per  cent,  of  the  women.  A  few  exceptional  cases  have  been 
reconlecl  in  which  life  was  prolonged  for  seven  or  even  twelve  years. 

Diabetic  Retinitis.  Although  the  existence  of  an  inflammation  of 
the  retina  peculiar  to  diabetes  is  not  admitted  by  many  authors,  yet 
retinal  changes  are  met  with  in  diabetes  which  are  distinct  from 
those  met  with  in  any  other  disease,  and  sufficiently  like  each  other 
to  justify  their  recognition  as  a  separate  variety.  The  form  which 
diabetic  retinitis  takes  is  that  of  a  group  of  brilliantly  reflectiiig  dots 
or  areas  of  degeneration  in  the  retina,  varying  much  in  size  and 
grouped  around  the  yellow  spot.  The  appearance  of  each  degenerated 
area  is  much  like  that  of  the  individual  spots  met  with  in  albuminuric 
retinitis,  but  their  arrangement  is  not  like  the  spokes  of  a  wheel,  radi- 
ating from  the  yellow  spot,  but  like  the  circumference  of  a  wheel 
arranged  around  it.  At  the  same  time  there  are  numerous  punctate 
and  linear  hemorrhages  in  the  retina.  This  form  of  exudation  per- 
sists for  a  very  long  time. 
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Leuksemic  Retinitis.  Owing  to  the  poverty  of  the  blood  m  coloring- 
matter,  one  of  the  most  striking  features  of  the  fundus  m  this  disease 
is  that  the  color  of  the  choroidal  reflex,  instead  of  being  a  full,  rich 
red,  is  of  a  light-yellow  color.  The  retinal  veins  are  large,  flabby, 
and  tortuous,  and  have  the  appearance  of  flattened  bands.  Retmal 
hemorrhages  are  present  with  white  masses  of  exudation,  due  to 
extravasations  of  white  blood  cells  into  the  retina.  These  spots  are 
sometimes  surrounded  by  a  fringe  of  colored  blood.    (Fig.  231.) 


Fig.  231. 


Leukeemic  retinitis.   Note  the  indistinctness  of  the  disk ;  the  enormously  distended  veins ; 
and  the  hemorrhages  at  the  yellow  spot  surrounded  by  a  light  halo. 


Treatment.  The  treatment  of  albuminuric,  diabetic,  and  leuksemic 
retinitis  is  the  treatment  of  the  disease  which  is  the  cause  of 
the  retinitis,  and  calls  for  no  remark  here,  except  that  rest  of 
the  eyes  should  be  enjoined  and  the  use  of  dark  protective 
glasses.  In  retinitis  occurring  during  pregnancy,  the  question  of 
inducing  premature  labor  often  arises.  If  the  retinitis  be  severe, 
it  is  advisable  to  induce  labor;  but  this  should  be  postponed  as 
long  as  possible,  if  it  can  be  done  with  safety,  in  order  to  save 
the  child. 

Hemorrhagic  Retinitis  (Thrombotic  Retinitis).  The  ophthalmo- 
scopic appearances  in  this  disease  are  the  formation  of  a  very  large 
number  of  small  flame-shaped  hemorrhages  all  over  the  retina  or 
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Hemorrhagic  retinitis.  Venous  tlirombosis :  upper  tempornl  vein,  sliowinp;  two  patches  of  throm- 
bosis ;  upper  nasal  vein,  showing  ono  patch  ;  while  exudation  concentric  with  optic  disl£.  (General 
view  of  inverted  image.) 

Kic.  23,^. 


Venous  thrombosis.  Upper  venous  vein,  showing  patches  of  thrombosis.  White  exudation  con- 
centric with  0.  D.;  portion  of  preceding  figure  seen  by  the  erect  image;  the  thickening  of  the 
sheath  of  the  vein  should  be  noted. 
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Hemorrhagic  retinitis.  (Jaeger.) 
Fig.  235. 


Note  subhyaloid  hemorrbage  at  yellow  spot,  which  has  burst  tbrouch  its  anterior  limiting  mem- 
brane and  formed  a  circumscribed  hemorrhage ;  a  second  subhyaloid  hemorrhage  is  seen  at  the 
upper  part  of  the  fundus. 
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tended,  tortuous,  and  dark  in  color,  while  the  affected  part  of  the 
retina  is  generally  oedeniatous,  and  may  contain  spots  or  areas  of 
exudation.  The  cause  of  this  affection  is  thrombosis  of  the  trunk  of 
the  vena  centralis  retinae,  or  of  a  branch  of  it;  it  usually  occurs  in 
one  eye  only.  It  is  caused  by  general  vascular  degeneration,  with 
disease  of  the  valves  of  the  heart  or  of  the  arteries.  It  is  said  to 
occur  among  the  gouty ;  it  certainly  occurs  among  those  who  have  no 
discoverable  disease  of  any  kind.  It  is  sometimes  secondary  to  orbi- 
tal disease,  such  as  cellulitis,  erysipelas,  or  disease  of  the  cavernous 
sinus,  and  the  thrombosis  here  probably  travels  along  the  course  of 
the  vein  until  it  reaches  the  eye;  in  such  cases  the  optic  nerve  is 
generally  left  atrophic.  HeiBorrhagic  retinitis  sometimes  ends  in 
hemorrhagic  glaucoma. 

Subhyaloid  Hemorrhage.  This  consists  in  the  formation  of  a 
large  circular  hemorrhage  on  the  surface  of  the  retina  beneath  the 
hyaloid  membrane,  and,  according  to  Fisher's  observations,  beneath 
the  membrana  limitans  interna,  from  the  rupture  of  a  vessel,  probably 
a  retinal  vein.  It  is  generally  confined  to  one  eye,  is  single,  and  occu- 
pies the  yellow  spot  region,  but  it  may,  in  rare  cases,  be  associated  with 
hemorrhages  in  other  parts.  Sight  is  at  first  much  impaii'etl,  but  as  the 
hemorrhage  gets  slowly  absorbetl  the  retina  again  becomes  exposed, 
and  vision  is  restored,  or  the  blood  may  suddenly  be  diffused  into 
the  vitreous  through  a  rupture  in  the  hyaloitl  membrane.   (Fig.  235.) 

Hemorrhages  are  also  met  with  in  pernicious  anaemia,  malaria, 
amyloid  disease,  purpura,  and  burns  of  the  skin.  Large  retinal 
hemorrhages  which  sninetimes  burst  into  the  vitreous  are  seen  occa- 
sionally in  young  adults  without  apparent  cause.  Some  of  the  patients 
are  antemic,  others  are  apparently  in  perfect  health;  such  patients 
are  generally  subject  to  constipation  and  e])istaxis,  according  to  Eales, 
who  first  described  them.  The  treatment  of  all  these  forms  of  j-etinitis 
should  be  carried  out  on  general  principles.  Small  regular  doses  of  blue 
pill,  followetl,  if  necessary,  by  a  saline,  are  advisable;  it  is  also  of 
advantage  to  givc^  iodide  of  potassium. 

Pyajmic  Retinitis.  This  results  from  infection  of  the  eye  from  a 
septic  centre  elsewhere  in  the  body,  as  in  ulcerative  endocarditis.  It 
may  be  produced  also  by  a  decomposing  retained  placenta  or  by  any 
other  decomposing  material  in  the  uterus.  It  shows  itself  in  the 
earliest  stages  by  hemorrhages  and  white  patches  in  the  retina.  It 
results  in  panophthalmitis,  which  may  be  double  and  lead  to  total 
loss  of  both  e^^es. 

Retinitis  Proliferans  and  Retinitis  Striata.  In  this  disease  dense 
masses  of  fibrous  tissue  project  forward  into  the  vitreous  from  the 
retina.  These  tufts  of  fibrous  tissue  contam  bloodvessels  of  new  for- 
mation ;  the  delicate  new  bloodvessels  give  way,  formmg  periodically 
fresh  hemorrhages.  The  fibrous  tissue  probably  has  its  origin  in  the 
organization  of  the  blood  that  is  poured  out;  small  but  less  extensive 
growths  of  vessels  may  occur  in  syphilitic  retinitis.  A  closely  allied 
form  is  that  to  which "^the  name  of  reliniiis  striala  has  been  given,  in 


BETINA,  OPTIC  NERVE,  AND  ITS  CEREBRAL  ORIGIN.  431 


which  the  bands  of  fibrous  tissue  form  in  the  retma  itseh,  and  gener- 
ally follow  the  course  of  the  bloodvessels. 

'  Retinitis  Circinata.  This  is  a  rare  affection,  in  which  large  areas 
of  brilliant  white  exudation  with  dots  of  dark  color  on  them  are 
formed  in  the  region  around  the  yellow  spot.  The  central  portion  o 
the  retina  itself  has  undergone  much  degeneration,  and  is  gray  and 
opaque;  the  appearance  of  the  white  patches  in  the  retina  is  rather 
like  that  of  passover  bread.  Hemorrhages  generally  accompany  the 
disease.    It  occurs  mainly  in  very  old  people.    (Fig.  23b.j 


Retinilis  circmata.  Note  the  gray  degeneration  of  the  retina  at  the  y^''"''^''^'^^^  ^'^"^ 
exudation  concentric  with  the  yellow  spot,  having  the  appearance  ot  passover  bread. 

Symmetrical  Disease  of  the  Macula  in  Young  Children.  This 
affection,  first  described  by  Tay,  associated  with  disease  ot  the  cere- 
bral cortex,  is  a  rare  disease;  it  occurs  during  the  first  two  years  of 
life  generally  among  the  offspring  of  Jewish  parents.  A  white 
patch  of  exudation  having  a  cherry-red  spot  in  the  centre  is  seen 
at  the  macula;  the  optic  nerve  slowly  atrophies,  the  child  becomes 
blind,  and  degenerates  mentally  until  death  ensues  after  some 

^Embolism  of  the  Central  Artery  of  the  Retina.  When  this  occurs, 
there  is  sudden  and  complete  failure  of  sight.  The  patient  is  about 
his  ordinary  occupation  and  is  conscious  of  something  peculiar  m 
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his  sight.  On  covering  one  eye  he  finds  that  there  is  only  faint 
perception  of  light  in  the  affected  eye.  (Fig.  237.)  When  examined 
by  the  ophthalmoscope  after  a  few  hours  the  arteries  are  found  to  be 
much  shrunken,  but  generally  not  quite  bloodless;  the  veins  are  of 
normal  size  or  rather  smaller,  but  tend  to  increase  in  size  away  from 
the  disk.  The  whole  retina  is  whiter  than  normal,  the  whiteness 
being  most  marked  around  the  yellow  spot.  The  fovea  appears  by 
contrast  brightly  red,  as  if  there  had  been  a  hemorrhage  in  it.  This 
appearance  is  known  as  "the  cherry-red  spot  at  the  macula."  The 
whiteness  of  the  retina  is  due  to  oedema,  and  this  is  most  marked 
just  around  the  yellow  spot,  where  the  retina  is  thickest ;  the  cherry- 


FlH. 237. 


Embolism  of  central  artery  of  the  retina.  (Liebreicii.) 


red  spot  at  the  fovea  is  owing  to  the  red  of  the  choroid  being  seen 
through  the  retina,  which  is  very  thin  at  this  spot.  The  cherry-red 
spot  has  been  seen  within  twenty  minutes  after  embolism  has  taken 
place.  The  column  of  blood  present  in  the  vessels  is  sometimes 
broken  up  and  moves  about  in  an  irregular  manner,  sometimes  from 
one  vein  to  another;  sometimes  in  a  reverse  direction  to  the  normal. 
All  the  small  vessels  in  the  region  of  the  macula  stand  out  very  clearly 
against  the  opaque  white  retina.  After  the  first  few  days  there  is 
frequently  slight  improvement  in  sight,  owing  to  partial  restoration 
of  the  circulation  from  anastomosis  of  small  vessels  situated  around 
the  entrance  to  the  optic  nerve,  but  the  improvement  is  very  slight; 
the  fcdema  clears  up  in  a  few  weeks,  and  atrophy  of  the  disk  follows. 
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Sometimes  only  a  branch  of  the  central  artery  is  affected,  with 
the  corresponding  portion  of  the  retina.  In  one  published  case  the 
macular  region  was  supplied  by  a  cilioretinal  artery,  and  central 
vision  was  retained,  although  all  the  other  parts  of  the.  retina  were 
blind.  A  case  has  been  seen  recently  in  which  embolism  of  one  artery 
was  followed  by  a  similar  accident  in  the  other  eye. 

Cause.  The  most  commonly  assigned  cause  is  the  separation  of  an 
embolon  from  a  diseased  valve  of  the  heart.  Other  causes  are  athe- 
roma of  the  aorta  or  other  large  vessel,  aneurism,  pregnancy,  or 
Bright's  disease.  But  cases  are  not  rare  in  wliich  there  is  no  cause 
of  tliis  sort  to  be  found  by  most  careful  examination,  and  it  is 
probable  that  many  of  the  cases  presenting  typical  features  of  embo- 
lism are  really  cases  of  sudden  thi'ombosis  of  the  central  artery,  due 
to  endarteritis. 

Treatment.  As  to  treatment,  nothing  can  be  said  to  be  benehcial 
with  certainty.  Paracentesis  of  the  anterior  chamber  and  iridectomy 
have  been  tried  without  result;  massage  of  the  eye  may  be  tried 
with  the  hope  of  causing  the  embolon  to  move  to  some  more  distant 
part  of  the  circulation;  it  has  been  successful,  but  it  must  be  applied 

early  and  with  force.  ,  .     .        .  ^ 

Thrombosis  of  the  Central  Retinal  Artery.  This  gives  rise  to 
symptoms  and  ophthalmoscopic  appearances  identical  with  those  of 
emboUsm,  the  main  difference  being  that  in  thrombosis  the  patient 
is  warned  by  temporary  failures  of  sight  which  pass  away,  until  one 
occurs  which  does  not  clear  up. 
Quinine  Blindness.    (See  Optic  Nerve.) 

Effect  of  Light  on  the  Retina.    The  effect  of  light  on  the  eye  shows 
itself  in  the  conjunctiva  and  in  the  retina.    Exposure  to  the  sun, 
producing  sun  bhndness,  or  to  the  electric  arc,  as  a  rule,  causes 
intense  conjunctivitis,  a  condition  analogous  to  bhstering  of  the 
skm  by  direct  sunlight.   Thoughtless  exposure  of  the  eyes  to  the  sun, 
or  to  the  rays  of  a  powerful  arc  lamp,  may  produce  results  on  the 
retina  which  are  sometimes  permanent.   Many  instances  are  recorded 
in  which  patients  have  stared  at  the  sun  during  an  eclipse.  The 
result  has  been  in  some  cases  a  persistent  positive  scotoma,  producing 
indistinctness  or  a  blur  over  every  object  directly  looked  at.  In 
other  cases,  without  the  sight  being  at  all  dim,  the  consciousness 
remains  of  a  colored  spot  in  the  centre  of  the  field,  seen  generally 
when  a  white  background  is  looked  at.    Other  cases  have  been 
recorded  in  which  a  permanent  central  scotoma  with  loss  of  acute- 
ness  of  vision  has  been  left  behind.   Observation  of  the  fovea  in  such 
cases  has  shown  it  to  be  swollen,  or  to  have  a  hemorrhage  at  its 
centre,  or,  at  a  later  stage,  to  be  atrophic.    Treatment  should  be  by 
rest  and  dark  glasses  worn  for  a  prolonged  period. 

Atrophy  of  the  Retina.  Atrophy  of  the  retina  may  occur  as  the 
result  of  long-continued  previous  inflammation.  It  may  be  the  con- 
sequence of  an  embolism  or  thrombosis  of  the  central  retinal  artery. 

28 
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Or  it  may  be  a  special  affection  characterized  by  the  formation  of  new 
pigment,  and  known  as  retinitis  pigmentosa. 

Relinilis  Pigmentosa.  This  disease  is  characterized  at  its  onset 
by  loss  of  power  to  see  at  night  or  in  twilight  (night  blindness*),  the 
vision  remaining  good  during  daylight.  If  the  field  of  vision  be  taken 
at  this  time,  it  will  be  found  normal  or  nearly  so  in  bright  light;  but 
if  the  illumination  be  diminished,  some  reduction  in  the  size  of  the 
fields  will  be  found.  As  the  disease  progresses  the  field  becomes 
contracted,  even  in  bright  daylight,  and  the  contraction  may  advance 
so  far  that  the  patient  has  difficulty  in  finding  his  way  about; 
in  extreme  cases  the  field  is  reduced  to  a  mere  point.  Even  in 
this  stage  central  vision  may  be  almost  unimpaired;  in  some  cases 
the  whole  of  the  field  is  not  lost,  but  a  zone  or  belt  of  the  retina 
becomes  blind,  giving  rise  to  a  ring  scotoma.  By  ophthalmoscopic 
examination  the  retina  is  found  to  contain  a  large  amount  of  pig- 
ment in  its  anterior  layers,  deposited  in  the  form  of  dots  or  islands, 
shaped  much  like  bone  corpuscles,  having  branches  which  communi- 
cate with  other  neighboring  dots.  Pigment  is  deposited  also  along 
the  sheaths  of  the  smaller  vessels.  In  more  advanced  cases  the 
red  background  of  the  eye  appears  to  be  covered  with  a  delicate 
black  lacework;  in  its  most  severe  form  the  pigment  is  so  dense  that 
little  of  the  red  choroid  is  visible.  The  general  arrangement  of  the 
pigment  is  in  the  form  of  a  zone  situated  about  midway  between 
the  periphery  of  the  retina  and  the  optic  nerve.  This  belt  is 
densest  at  the  centre,  and  thins  off  at  its  inner  edge,  toward  the 
disk  and  also  toward  the  periphery.  The  retinal  vessels  become 
reduced  in  size;  the  arteries  may  be  mere  threads;  the  disk  under- 
goes a  peculiar  dirty  yellow  atrophy  known  as  j)osl-retinitic  or 
waxy  atrophy:  the  lens  may  become  affected  with  posterior  polar 
cataract,  and  opacities  may  appear  in  the  vitreous.  Although  this 
is  the  usual  character  of  the  disease,  cases  are  occasionally  met  with 
in  which  night  blindness  and  loss  of  fields  are  present  and  some 
post-retinitic  atrophy  of  the  disk  is  seen,  but  in  which  no  pigment 
can  be  seen  in  the  retina,  or  in  which,  instead  of  pigment,  a  number 
of  soft-edged  rounded  yellow-white  spots  are  seen.  These  two  condi- 
tions are  spoken  of  as  retinitis  'pigmentosa  without  pigment  and  retinitis 
punctata  albescens.  The  retinal  hexagonal  pigment  is  gradually  ab- 
sorbed or  travels  forward  to  the  anterior  layers  of  the  retina,  so  that 
the  choroidal  vessels  appear  to  stand  out  very  clearly.  There  is  some 
doubt  at  present  as  to  whether  this  disease  should  be  considered  as 
choroidal  or  retinal  in  origin,  as,  according  to  Wagenmann,  if  the 
choroidal  circulation  is  interfered  with  by  division  of  the  ciliary  ves- 
sels, a  migration  of  pigment  forward  into  the  retina  takes  place  like 
that  seen  in  retinitis  pigmentosa.    The  disease  is  first  met  with  in 


•  In  consequence  of  the  confusion  which  has  arisen  with  regard  to  the  words  nyctalopia  and 
hemeralopia,  they  being  used  in  opposite  senses  by  English  and  Continental  writers,  it  Is  better  to 
use  the  terms  night  and  day  blindness,  which  explain  themselves. 
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childhood,  or  about  puberty,  and  advances  slowly  to  almost  complete 
blindness  after  middle  life ;  it  attacks  both  eyes.  Its  cause  is  unknown. 
It  is  frequently  hereditary,  and  occurs  in  those  whose  parents  were 
blood  relations  before  marriage.  Other  defects  of  the  nervous  system 
are  often  present,  such  as  deafness  and  want  of  mental  power.  No 
treatment  is  known  to  be  successful  in  this  disease.  Iodide  of  potas- 
sium and  strychnine  may  be  tried,  with  the  application  of  the  constant 

current.  , •,  - 

The  prognosis  is  bad,  although  complete  blmdness  may  not  come 

on  until  very  late  in  life.  . 

The  atrophy  which  follows  syphilitic  retinitis,  especially _  in  child- 
hood, is  often  similar  in  appearance  and  course  to  true  retinitis  pig- 
mentosa; but,  as  a  rule,  there  is  some  evidence  of  involvement  of  the 
choroid  in  the  syphilitic  affection. 


Fig.  238. 


Detachment  of  the  retiua.  (Jaeger.) 

Detachment  of  the  Retina.  The  retina  is  continuous  with  the  optic 
nerve  at  the  disk,  and  is  attached  to  the  choroid  at  the  ora  serrata; 
but  between  these  points  it  is  held  in  apposition  with  the  choroid  only 
by  the  support  or  pressure  of  the  vitreous  within  it.  It  is  liable  to 
be  detached  from  its  position  by  various  causes,  such  as  injury,  ex- 
travasation of  blood  or  serum,  by  traction  from  within,  from  bands  in 
the  vitreous,  by  tumors  of  the  choroid,  or  cysticercus.  It  is  met  with 
most  commonly  in  myopic  eyes.    (Fig.  238.) 

The  cause  of  the  detachment  has  been  accounted  for  in  many 
ways— by  exudation  of  fluid  from  the  choroid,  by  sudden  extrava- 
sation of  blood  from  the  choroid.  Neither  of  these  theories  explains 
the  large  number  of  cases  in  which  the  detachment  comes  on  suddenly 
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without  sign  of  hemorrhage.  It  is  owing  to  the  work  of  Leber  and 
Nordenson  that  the  theory  of  shrinkage  of  the  vitreous  was  estab- 
lished and  most  of  the  difficulties  of  the  subject  answered.  According 
to  their  observations,  the  vitreous  becomes  fibrillary  in  structure 
while  retaining  its  transparency.  This  change  is  due  to  a  shrinkage 
from  inflammatory  processes  in  the  choroid  or  ciliary  body;  serous 
fluid  becomes  poured  out  into  the  vitreous  chamber  to  fill  the  vacuum 
caused  by  the  shrinking.  The  traction  on  the  retina  produced  by 
the  shrinking  vitreous  leads  to  rupture  of  the  retina.  The  serous 
fluid  lying  in  the  vitreous  chamber  passes  through  this  rent  into  the 
subretinal  space  and  allows  the  retma  to  become  suddenly  detached. 
More  recently  Raehlmann  has  explained  the  detachment  on  the  diffu- 
sion theory:  the  fluid  behind  the  retina  is  more  albuminous  than 
that  in  front  of  it;  diffusion  tends  to  take  place  more  rapidly  toward 
the  fluid  of  greater  density— that  is,  from  the  vitreous  to  the  sub- 
retinal  spaces— than  in  the  opposite  direction.  Although  this  theory 
may  explain  some  of  the  slow  detachments,  it  hardly  suffices  for  those 
of  sudden  onset. 

The  detachment  may  take  place  at  any  part.  It  is  less  common  at 
the  macular  region  than  at  the  periphery ;  but  wherever  it  begins,  it 
soon  settles  to  the  lowest  part  of  the  retina,  owing  to  gravitation 
of  the  fluid,  while  the  part  first  detached  may  become  reapplied.  It 
may  remain  stationary,  but  it  generally  progresses  until  the  whole 
retina  is  detached,  so  that  in  a  post-mortem  examination  of  the  eye 
the  retina  appears  as  a  cord  going  from  the  optic  disk  to  the  back  of 
the  lens,  containing  the  shrunken  remains  of  the  vitreous,  and  spread- 
ing out  thence  to  the  ora  s(>rrata,  forming  an  umbrella  or  convolvulus 
flower-like  detachment.  The  evidence  of  inflammatory  changes  in 
the  eye  is  generally  present  in  the  signs  of  iritis  or  iridocyclitis  or 
opacities  in  the  vitreous.  Secondary  cataractous  changes  in  the  lens 
generally  appear  late  in  the  disease,  with  a  reduction  of  tension,  except 
in  those  cases  where  the  detachment  is  caused  by  a  choroidal  tumor. 
Myopic  eyes  are  those  most  subject  to  detachment  of  the  retina,  but 
it  is  not  always  those  in  which  the  amount  of  myopia  is  highest  which 
suffer  from  detachment.  Vision  may  not  be  much  affected  if  the 
yellow  spot  be  not  involved,  but  there  is  always  a  considerable  loss 
of  field,  which  may  be  detected  by  the  perimeter,  by  the  hand,  or  by 
the  light  projection  test;  the  part  of  the  field  which  is  lost  will  cor- 
respond with  the  opposite  portion  of  the  retina.  If,  owing  to  opaci- 
ties in  the  media,  it  is  not  possible  to  use  the  ophthalmoscope,  it  is 
generally  possible  to  diagnose  the  presence  of  a  detachment  by  testing 
the  projection  of  light.  In  the  first  stages  of  a  detachment  exami- 
nation of  the  field  of  vision  alone  is  insufficient,  as  the  retina  may 
retain  its  function  for  some  time  after  the  detachment  where  the  latter 
is  not  very  deep.  The  ophthalmoscope  shows  a  changed  color  in 
the  reflex  from  the  fundus  over  the  detached  area.  The  best  waj'  to 
see  this  is  to  observe  the  fundus  reflex  from  a  distance  of  about  14 
with  the  ophthalmoscope  mirror  alone,  and  to  get  the  patient  to  look 
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in  various  directions,  so  that  the  whole  of  the  retina  is  brought  under 
observation,  and  one  part  may  be  compared  with  another  or  with 
the  other  eye.    The  reflex,  even  in  recent  cases,  is  generally  slightly 
duller  over  the  detached  area  than  elsewhere,  and  m  old  detachments 
the  retina  may  appear  opaque  and  gray.    It  may  often  be  seen  to 
float  about  with  movements  of  the  eye.    The  detached  area  should 
then  be  looked  at  by  the  direct  method,  its  refraction  estimated  and 
compared  with  that  of  other  parts.    If  one  part  of  the  retma  is 
much  more  hypermetropic  or  less  myopic  than  another,  suspicion 
should  be  directed  to  detachment  of  the  retina.    The  retinal  vessels 
in  the  detached  area  appear  much  darker  than  normal,  owing  to  loss 
of  their  central  light  streak  and  to  the  difference  m  transillumination. 
In  their  course  toward  the  periphery  they  can  be  seen  to  disappear 
into  folds  and  depressions  in  the  retina;  rents  m  the  retma  may  be 
seen  at  times,  showing  the  bright  choroidal  reflex  behind     In  soine 
cases  of  shallow  detachment  the  retina  appears  to  be  thrown  into 
innumerable  fine  ripples  which  have  very  much  the  appearance  of 
the  vessels  of  the  choroid  seen  through  the  retina;  it  is  possible  that 
this  appearance  may  also  be  due  to  detachment  of  the  choroid  with 

the  retma.  ,  i     i  i  u  -j 

In  determining  the  cause  of  the  detachment,  regard  should  be  paid 
to  its  seat  and  extent,  its  shallowness  or  depth,  its  translucency  and 
immobility,  the  condition  of  the  vitreous,  and  the  hardness  or  tension 
of  the  eye.  New-growths  of  the  choroid  generally  form  globular 
prominent  steep  detachments,  sometimes  dark  in  color,  owing  to  the 
pigment  they  contain,  sometimes  showing  vessels  not  of  retinal  origin. 
The  vitreous  is  not  opaque,  and  the  tension  of  the  eye  often  is  raised. 
If  the  detachment  be  due  to  shrinking  of  the  vitreous,  there  will  be 
vitreous  opacities,  a  widespread  detachment,  a  floating  retina,  probably 
containing  rents  through  which  the  choroid  may  be  seen.  _ 

Treatment.    The  treatment  should  be  directed  toward  producing  ab- 
sorption of  the  exuded  fluid.    For  this  purpose  the  most  efficacious 
agent  is  complete  rest  in  bed;  the  patient  should  be  kept  on  his  back 
for  a  month  or  six  weeks,  his  diet  should  be  limited  in  regard  to 
fluids,  and  free  action  of  the  skin  should  be  provided,  either  by  vapor 
baths,  which  should  be  given  in  bed,  or  by  the  subcutaneous  adnimis- 
tration  of  pilocarpine.    This  may  be  combined  with  the  use  of  the 
iodides  of  ammonium  and  potassium  internally.  At  the  same  time  the 
eye  should  be  kept  bandaged  under  moderate  pressure.    If  more  rapid 
disappearance  of  the  fluid  be  desired,  the  situation  of  the  greatest 
collection  of  fluid  should  be  made  out  by  the  ophthalmoscope,  and 
the  fluid  tapped  through  the  sclerotic.    This  is  done  best  by  a  broad 
needle  or  a  Graefe  knife,  which  should  be  introduced  through  the 
sclerotic  into  the  subretinal  space  in  the  equatorial  region  at  a  spot 
between  the  insertion  of  the  muscles.    If  the  knife  then  be  turned 
upon  its  long  axis,  an  opening  will  be  made  beside  it,  which  will  allow, 
the  albuminous  fluid  to  run  out  of  the  eye.    Before  introducing  the 
knife  the  conjunctiva  should  be  displaced  by  the  fixation  forceps. 
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SO  that  when  the  knife  is  withch-awn  the  conjunctiva  may  slip  back 
and  the  wound  in  the  sclerotic  be  covered.  Fluid  will  go  on  draining 
away  into  the  subconjunctival  connective  tissue  after  the  knife  is 
withdrawn.  An  addition  to  this  plan,  which  has  been  recommended 
and  has  met  with  some  success,  is  to  burn  the  sclerotic  slowly  with  a 
cautery  through  its  outermost  layers,  until  the  choroid  is  just  reached. 
By  this  means  an  adhesive  inflammation  is  set  up  in  the  choroid,  which 
aims  at  binding  the  retina  to  itself  by  the  after-contracting  process. 
No  method  of  treatment  is  very  hopeful.  The  retina  may  "become 
reattached  for  a  time,  but  it  is  frequently  displaced  again  on  the 
patient  resuming  ordinary  routine.  It  is  not  possible  to  overcome 
the  tendency  to  contraction  in  the  vitreous,  and,  if  the  retina  becomes 
reapplied,  it  is  likely  to  be  displaced  again  by  continuance  of  the  con- 
tracting process. 

Other  methods  of  treatment  have  had  success  for  a  time.  Schoeler's 
method  of  injecting  iodine  into  the  vitreous  cavity,  which  scored  some 
successes  in  its  author's  hands,  led  to  disastrous  results  in  other  cases. 
Deutschmann's  method  of  maldng  a  puncture  tlu-ough  the  sclerotic, 
choroid,  and  retina  into  the  vitreous,  and  cutting  on  each  side  of  this 
track  to  divide  the  bands  in  the  vitreous,  has  not  turned  out  more 
successful  than  other  methods  of  treatment. 

Cysticercus  of  the  Retina.  This  is  a  very  rare  disease.  Its  diag- 
nosis depends  mainly  upon  the  appearance  of  the  parasite.  It  is 
subretinal  as  a  rule,  it  has  the  appearance  of  a  flattened  cyst,  it  is 
light  gray  in  color,  with  light  edges,  and  undergoes  spontaneous  move- 
ment; the  head  may  occasionally  be  made  out.  The  only  treatment 
is  to  cut  down  u])on  it  and  remove  the  cyst. 

Injuries  of  the  Retina.  Besitles  detachment,  the  retina  sometimes 
after  a  blow  on  the  eye  will  be  found  to  have  an  injured  area,  white 
or  nearly  so  in  color,  with  ill-defined  edges.  This  condition,  which 
usually  passes  away  in  a  few  days,  is  probably  due  to  a  local  trau- 
matic oedema.    It  is  known  by  the  name  commotio  relince. 

Holes  at  the  Macula.  After  injuries  to  the  eye,  especially  from 
concussion  by  a  stone,  ball,  or  other  large  object,  in  which  the  globe 
is  not  ruptured,  there  is  frequently  associated  with  loss  of  central  vision 
a  remarkable  appearance  at  the  yellow  spot.  The  retina  ceases  ab- 
ruptly, so  that  there  appears  to  be  a  circular  hole  in  it  at  the  centre 
of  the  yellow  spot,  equal  to  about  one-third  the  diameter  of  the  disk. 
The  floor  of  the  hole  is  formed  by  the  choroid,  and  is  depressed  a 
measurable  distance  behind  the  retina.  Although  no  pathological 
examination  of  the  condition  has  ever  been  made,  it  is  highly  probable 
that  this  appearance  is  really  due  to  a  hole  at  the  fovea,  caused  by 
ruptiire  of  the  retina  by  contrecoup:  the  elastic  retina  retracts  and 
leaves  a  clear  round  hole  whose  edges  are  placed  at  a  distance  which 
can  be  readily  appreciated  from  the  choroid  behind.  There  is  usuall}'' 
considerable  loss  of  vision. 

Glioma  of  the  Retina.  This  is  the  only  form  of  tumor  that  attacks 
the  retina.    It  occurs  in  early  childhood,  before  the  age  of  three 


Pig.  239. 


RETINA,  OPTIC  NERVE,  AND  ITS  CEREBRAL  ORIGIN.  439 

years  It  is  sometimes  congenital,  and  is  met  with  in  rare  cases  at 
a  later  age  It  starts  from  one  of  the  granular  layers  of  the  retma, 
and  either  grows  inward  toward  the  vitreous  or  outward  producing 
detachment  of  the  retina.  It  consists  of  cells  arranged  m  long  tubes 
around  wide  bloodvessels.  The  cells  vary  in  size  and  shape  some  ot 
them  being  gha  cells  or  ganglion  cells,  others  bemg  cylmdrical  m 
shape  and  representing  the  layer  of  rods  and  cones.  The  exact  nature 
of  the  glioma  is  still  a  matter  of  doubt,  but  it  is  probably  to  be 
regarded  as  an  endothelioma  of  the  retina.    (Fig.  239.) 

The  first  thing  to  call  attention  to  an  eye  affected  with_  glioma  is 
the  presence  of  a  gray  or  white  reflex  from  behind  the  pupil.    If  the 
eye  be  carefully  examined,  it  will  be  found 
that  there  are  one  or  more  white  masses 
growing  from  the  retina,  containing  blood- 
vessels.   There  is  no  pain;  the  eye  is  not 
congested.    At  a  later  stage  the  mass  pro- 
jects more  forward  until  it  fills  the  eye. 
Tension  is  usually  raised  during  part  of  the 
time,  and  the  qjq  becomes  painful.    In  the 
third  stage,  the  growth  invades  the  optic 
nerve  or  finds  its  way  out  of  the  eye  by 
other  channels,  where  it  forms  masses  which 
fill  the  orbit  and  produce  great  proptosis. 
The  growth  may  find  its  way  backward  to 
the  brain  through  the  optic  foramen;  it  may  invade  the  frontal  lobe 
of  the  brain  by  absorption  of  the  roof  of  the  orbit,  or  it  may  be 
reproduced  in  other  distant  organs  of  the  body,  chiefly  in  the  liver. 
If  left,  the  mass  of  glioma  grows  through  the  front  of  the  eye,  gen- 
erally at  the  sclerocorneal  margin,  and  forms  a  fungating,  ulcerated, 
bleeding,  painful  mass.    In  its  latest  stages  it  produces  death  from 
exhaustion  or  by  its  attacking  vital  organs. 

Glioma  should  be  distinguished  from  purulent  exudation  into  the 
miY&on^—'pseiidoglioma.  The  absence  of  pain,  tenderness,  and  in- 
flammation in  the  early  stage,  the  raising  of  the  tension  in  the  later 
stages,  and  the  absence  of  retraction  of  the  periphery  and  of  the  ins, 
help  to  distinguish  it  from  pseudoglioma. 

Treatment.  The  eye  should  be  excised  as  soon  as  the  disease  is  dis- 
covered. If  this  be  done  before  the  growth  escapes  from  the  eyeball, 
there  is  a  good  chance  of  cure.  If  the  disease  has  advanced  further, 
the  orbit  should  be  emptied,  if  possible,  in  order  to  save  the  child 
from  suffering,  produced  by  the  fungating  mass ;  but  in  such  a  case 
prognosis  is  very  unfavorable. 

Congenital  Pigmentation  of  the  Retina.  A  number  of  cases  of 
pigmentation  of  the  retina  have  been  described  by  various  authors. 
The  pigmentation  occupies  a  section  of  the  retina  only,  and  consists 
of  collections  of  small  round  or  angular  masses  of  pigment  grouped 
together  somewhat  like  sarcinte.  They  are  unassociated  with  any 
choroidal  change;  they  lie  on  the  surface  of  the  retina,  and  some- 
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times  cover  the  retinal  vessels.  They  have  been  considered  as  anoma- 
lous forms  of  retinitis  pigmentosa,  but  they  are  not  progressive,  they 
do  not  accompany  loss  of  function  in  the  retina,  and  are  probably 
of  congenital  origin. 

Infantile  Amaurosis.  The  history  given  by  the  parents  in  cases 
of  infantile  amaurosis  is  that  the  child  was  able  to  see  well  and  noticed 
things,  turned  toward  the  light,  grasped  at  objects  held  before  it 
until  the  onset  of  complete  bUndness;  this  generally  occurs  imder 
twelve  months  of  age.  The  child  may  develop  other  signs  of  illness 
at  the  same  time:  general  restlessness,  feebleness  of  limbs  and  of  back, 
or  a  condition  of  cervical  opisthotonos.  Ai\  ophthalmoscopic  exami- 
nation in  some  cases  shows  much  dust  exudation  into  the  vitreous, 
with  signs  of  syphihtic  choroidoretinitis ;  in  others  optic  neuritis  due 
to  tubercular  meningitis  may  be  present.  But  in  many  of  the  infants 
nothing  can  be  seen  by  the  ophthalmoscope  at  all,  or  a  slight  pallor 
only  of  the  disk  is  seen  after  the  blindness  has  continued  for  some 
time.  It  is  in  these  cases  that  retraction  of  the  head  is  most  fre- 
quently met  with.  The  cause  is  a  posterior  basic  meningitis  with 
(listoMition  of  the  ventricles  of  the  brain  by  fluid.  It  usually  happens 
that  the  blindness  j^ersists  for  some  months  and  then  recovery  may 
take  place,  and  even  complete  restoration  of  sight  may  follow.  It 
is  possible  that  the  pupils  may  continue  to  respond  to  light  during 
the  whole  attack,  showing  that  the  seat  of  disease  is  above  the  basal 
ganglia.  An  opinion  is  also  sought  by  parents  whose  infants  have 
never  been  able  to  see  at  all;  in  such  cases  the  pupils  may  respond 
actively  to  light,  and  the  optic  nerve  and  retina  are  perfectly  healthy. 
An  examination  of  the  head  shows  the  skull  to  be  very  small  in  its 
upper  part,  the  sutures  to  be  prematurely  united,  and  the  fontanelles 
closed.  Such  children  are  microcephalic  idiots,  and  no  improvement 
is  to  be  expected  in  their  sight ;  the  fault  lies  in  imperfect  development 
of  the  brain. 

Treatment.  The  syphilitic  choroidoretinal  cases  recover  to  a 
great  extent  under  inunctions  of  mercury.  The  posterior  basic  men- 
ingitis cases  recover  if  the  health  of  the  child  is  restored.  The  idiotic 
chiklren  do  not  gain  any  sight,  and,  although  the  condition  of  synos- 
tosis of  the  sutures  has  been  met  by  craniectomy  or  removal  of  a 
portion  of  the  roof  of  the  skull,  such  measures  probably  do  no  real 
good. 

THE  OPTIC  NERVE. 

The  optic  nerve  has  its  origin  in  the  retina,  passes  through  an 
opening  in  the  choroid  and  sclerotic,  the  latter  consisting  of  a  fenes- 
trated membrane  known  as  the  lamina  cribrosa,  traverses  the  orbit  in 
a  double  curve  in  order  to  allow  of  free  movement  of  the  eye,  passes 
through  the  optic  foramen  at  the  apex  of  the  orbit  and  enters  the 
skull.  It  is  there  joined  by  its  fellow  on  the  opposite  side,  to  form 
the  optic  commissure  or  chiasma,  where  semidecussation  of  the  nerves 
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takes  place  The  two  halves  of  each  nerve  are  continued  backward 
from  the  chiasma  in  one  cord,  the  optic  tract,  which  winds  around  the 
crus  cerebri  and  ends  in  the  basal  ganglia  on  each  side,  ihe  basal 
gano-lia  are  the  external  corpora  geniculata,  the  anterior  corpora  quad- 
ri^emina,  and  the  optic  thalami.  From  these  ganglia  fibres  pass  m 
two  main  bodies  to  the  oculomotor  nuclei  and  to  the  cerebral  cortex 
The  part  of  the  cortex  to  which  they  are  distributed  is  the  mesial 
surface  of  the  occipital  lobe,  the  cuneus,  and  the  neighborhood 
around  the  calcarine  fissure.  It  is  probable  also  that  some  of  the 
optic  nerve  fibres  pass  on  directly  by  the  corona  radiata  to  the  occip- 
ital cortex,  without  entering  the  ganglia.    (Figs.  240  and  241.) 


Optic  radiations.  (Edinger.) 

The  Sheaths  of  the  Optic  Nerve.  The  coverings  of  the  optic 
nerve  are  three  in  number,  corresponding  with  the  membranes  of  the 
brain.  The  dural  sheath,  continuous  with  the  dura  mater,  forms  a 
loose  covering  to  the  nerve,  the  pial  sheath  closely  surrounds  the 
nerve  and  sends  septa  to  enter  its  substance.  Between  these  two  is 
the  intervaginal  space  divided  into  two  by  the  arachnoid.  The  fibres 
of  the  optic  nerve  at  their  entrance  into  the  eye  through  the  lamina 
cribrosa  contain  a  medullary  sheath ;  as  they  pass  through  this  struc- 
ture they  lose  their  medullary  sheath  and  are  continued  as  translucent 
axis-cylinders  only.    Like  the  rest  of  the  nervous  system,  the  fibres 


442 


THE  EYE. 


of  the  nerve  are  made  up  of  neurons,  the  cells  of  which  lie  in  the 
ganglion-cell  layer  of  the  retina,  in  close  union  with  the  visual  epi- 
thelium, the  layer  of  rods  and  cones.  At  their  (jthei'  ends  the  fibres 
end  in  brushes,  chiefly  m  the  external  geniculate  bodies  and  optic 
thalami.    These  are  known  as  retino-thalamic  neurons   Visual  fibres 

Fig.  241. 


Fig.  242. 


Visual  cortex.  (Starr.) 

to  the  cortex  also  take  their  origin  in  the  cells  of  the  external  genicu- 
late bodies  and  optic  thalami  and  pass  upward,  to  be  distributed  to 
the  region  of  the  cuneus  and  calcarine  fissure — thalamo-cortical  neu- 
rons. There  are  other  neurons  which 
have  their  nuclei  in  the  basal  ganglia 
and  their  terminal  branches  in  the 
retina,  and  probably  some  also  which 
pass  from  the  retina  through  the 
chiasma  and  optic  tracts  to  the  cor- 
tex direct.    (Plate  XVIII.) 

The  chiasma  lies  in  a  groove  at 
the  base  of  the  sphenoid  bone  in 
front  of  the  infundibulum.  In  this 
commissure  the  optic  nerves  un- 
dergo a  partial  decussation.  (Fig.  242.)  The  fibres  from  the  right 
half  of  each  retina  meet  in  the  chiasma  and  are  continued  on  in  the 
right  optic  tract;  the  fibres  from  the  left  half  of  each  retina  unite 
in  the  chiasma  to  form  the  left  optic  tract.    The  right  optic  tract 
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Decussation  of  optic  nerve  fibres. 


(Wells.) 


PLATE  XVI II. 


'  LEFT  VISUAL  FIELD.   RIGHTVISUAL  FIELD. 
Fixa£wnPouU.  Fixation  Point. 
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passes  up  to  the  occipital  cortex  of  the  right  side,  the  left  tract  to 
that  on  the  left  side.  From  this  it  will  be  seen  that  the  left  hah  ot 
the  visual  field  in  each  eye  is  served  by  the  right  optic  tract  and 
right  cortical  visual  centre;  and  the  right  half  of  the  visual  held  m 
each  eye  is  served  by  the  left  optic  tract  and  left  cortical  visual  centre. 
The  division  does  not  pass  directly  thi'ough  the  yellow  spot;  if  one 
optic  tract  be  destroyed,  the  edge  of  the  blind  area  does  not  pass 
through  the  yellow  spot,  but  leaves  it  intact  in  each  eye.  This  is 
explained  by  the  yellow  spot  being  supplied  by  fibres  going  through 
each  tract.  As  the  nerve  enters  the  retina,  the  most  peripheral  fibres 
supply  the  parts  around  the  optic  nerve,  and  the  central  fibres  are 
distributed  more  to  the  periphery.  The  fibres  of  the  nerve  which 
supply  the  retma  between  the  papilla  and  yellow  spot,  the  papiilo- 
macular  bundle,  are  the  most  important,  as  they  subserve  the  pur- 


Fig.  243. 


Section  of  optic  nerve.  (Gkaefe-Saemisch.) 


poses  of  acute  vision.  Immediately  behind  the  eye  they  occupy 
about  one-third  of  the  area  of  the  nerve,  in  the  form  of  a  sector  with 
its  apex  at  the  centre  and  base  outward.  Further  back,  these  fibres 
he  m  the  axis  of  the  nerve.  From  these  anatomical  arrangenients 
we  are  able  accurately  to  localize  the  seat  of  some  lesions  of  sight. 
Thus,  if  one  eye  only  be  blind  or  defective,  due  to  a  nerve  lesion,  the 
seat  of  it  must  be  anterior  to  the  chiasma,  while  affections  of  vision 
of  conjoint  halves  of  the  retina  are  due  to  disease  of  the  tract  or  of 
the  visual  paths  above  it.  Defects  involving  the  fixation  point,  cen- 
tral scotoma,  are  due  to  diseases  of  the  papillo-macular  bundle. 

In  bitemporal  hemianopsia  the  seat  of  the  disease  is  in  the  chiasma. 
If  one  optic  tract  be  aft'ected,  producing  blindness  of  the  same  side 
of  each  retina,  a  condition  known  as  homonymous  hemianopsia,  the 
pupils  will  not  react  to  hght  thrown  upon  the  blind  halves  of  the 


444 


THE  EYE. 


retina,  but  they  will  react  to  light  thrown  upon  the  seeing  halves 
(Wernicke's  hemiopic  pupillary  reaction).  In  this  case,  where  the 
pupillary  light  reflex  is  interfered  with,  the  lesion  must  be  in  the 
optic  tract  below  the  corpora  quaclrigemina,  inasmuch  as  the  path  of 
the  pupillary  light  reflex  is  from  the  optic  tract  to  the  corpora  quacl- 
rigemina, thence  to  the  third  nerve  nucleus,  and  outward  along  the 
third  nerve  to  the  pupil.  If  the  pupils  respond  to  light  thrown  on 
both  halves  of  the  retinte,  the  lesion  is  liigher  up,  either  in  the  optic 
thalamus,  internal  capsule,  or  the  cortex. 


Fig.  244. 


McHardy  perimeter. 


In  diseases  of  the  optic  nerve  the  sight  may  be  impaired  in  various 
ways,  central  or  peripheral  vision  may  be  interfered  with,  the  vision 
in  each  eye  may  be  lost,  or  the  perception  of  colors  may  be  destroyed. 

Peripheral  vision  implies  the  perception  of  objects  all  around  the 
point  directly  looked  at.  Thus,  if  we  cross  a  street,  although  we  may 
be  looking  directly  in  front  of  us,  we  are  conscious  of  the  movement 
or  approach  of  vehicles  on  each  side  of  us.  We  are  also  able  to  appre- 
ciate generally  the  quality  of  the  surface  on  which  we  are  walking,  and 
to  avoid  obstacles  in  our  path  without  directly  looking  at  them.  If 
this  power  were  absent,  as  it  is  in  some  diseases,  we  should  be  in  the 
position  of  a  person  looking  down  a  long  tube;  it  would  be  difficult 
for  us  to  find  our  way  about;  all  power  of  orientation  would  be  lost. 
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The  whole  area  from  which  the  ^Y/ is.  capable  of  re ce™^^ 
sions  is  called  the  field  of  vision,  and  it  is  capable  of  being  measurea 
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in  several  ways:  by  the  hand,  by  Hght  moved  before  the  eye,  or  more 
accurately,  by  an  instrument  called  the  perimeter.  (Fig.  244.)  In 
measuring  the  field  by  the  hand,  the  patient  is  placed  with  his  back 


Fig.  247. 
Right  Eye 


Eccentric  contraction  of  field  as  seen  in  gray  atrophy  of  the  optic  nerve. 


Fig.  248. 


Mt  Eye 


Eccentric  contraction  of  field  as  seen  in  gray  atrophy  of  the  optic  nerve. 
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to  the  light,  the  hand  held  in  various  positions  before  him,  and  he  is 
nsked  to  point  out  its  direction,  at  the  same  time  keepmg  his  eye 
fixed  on  the  observer's  face,  directly  in  front  of  him.    A  small  piece 

Fig.  249. 
Rigid  Eye 


Homonymous  quadrant  hemianopsia. 


Fig.  250. 
Left  Eije 


Homonymous  quadrant  hemianopsia. 
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of  white  paper  may  be  used  with  the  same  object.  If  the  sight  is 
impaired  by  disease  of  the  front  of  the  eye,  we  can  get  some  knowl- 
edge of  the  condition  of  the  visual  field  by  holding  a  candle  in 

FlQ.  251, 


Left  Eye 


Central  scotomn  as  seen  in  toxic  amblyopia. 
Fig.  252. 


Left  Eye 


Sootomnta  as  seen  in  disseminated  choroiditis. 
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various  positions  before  the  eye,  or  by  throwing  upon  the  eye  the 
light  reflected  from  an  ophthalmoscope  mirror— the  projection  test. 

The  perimeter  consists  of  a  quarter  or  half-cu-cle  of  metal,  revolving 
around  a  fixed  point,  at  which  is  placed  a  small  white  spot,  the  object 
to  be  looked  at  by  the  eye  under  examination,  the  fixation  point.  The 
eye  is  placed  at  the  centre  of  the  circle,  and  another  wliite  spot  is 
made  to  travel  along  the  circle  from  the  fixation  point  until  it  can  no 
lono-er  be  seen;  the  pomt  of  its  disappearance  is  the  limit  of  the  visual 
field  in  that  direction.    In  practice  it  is  customary  to  start  with  the 
travelling  spot  at  the  extreme  periphery,  and  to  mark  as  the  outer 
limit  of  the  visual  field  the  place  at  which  it  first  becomes  visible  as 
a  distinct  spot  of  wliite  This  limit  is  a  constant  one  in  healthy  eyes^ 
The  visual  field  extends  about  95°  to  the  temporal  side,  about  60° 
upward,  50°  inward,  and  80°  downward.  (Figs.  245  and  246.)  The  limit 
upward  and  inward  varies  with  the  prominence  of  the  brow  and  nose, 
but  it  is,  apart  from  this,  less  than  in  the  temporal  direction.  The  size 
of  the  travelling  spot  used  varies  according  to  the  degree  of  affection 
of  sight.    It  is  well  to  use  as  small  a  spot  as  can  be  seen  with  ease  for 
this  purpose;  5  mm.,  2^  mm.,  or  even  smaller  spots  may  be  used. 
But  where  the  acuteness  of  sight  is  much  reduced,  it  is  necessary  to 
use  spots  10  mm.,  15  mm.,  or  20  mm.,  in  diameter.    In  doubtful 
cases  it  is  also  desirable  to  take  the  field  with  diminished  illumina- 
tion.   The  color  fields  may  be  taken  m  the  same  way  as  the  field 
for  white  by  using  a  small  colored  object  instead  of  a  white  one. 
The  size  of  the  color  field  varies  with  the  size  of  the  object  and  the 
brightness  of  the  illumination.    With  very  bright  light  and  a  suffi- 
ciently large  mass,  color  can  be  recognized  at  the  extreme  periphery 
of  the  visual  field,  but  with  small-sized  objects  the  periphery  of  the 
retina  is  incapable  of  appreciating  their  color.    The  field  for  blue  is 
the  next  in  size  to  white,  then  follows  red,  and,  lastly,  green.  _  It  is 
important  to  take  the  color  fields  in  some  cases  of  optic  nerve  disease, 
as  the  test  is  a  more  delicate  one  than  that  for  a  white  spot,  and  often 
indicates  very  early  stages  of  optic  nerve  atrophy.  (Figs.  247  and  248.) 
Defects  in  the  field  of  vision  may  take  the  form  of  a  concentric  con- 
traction, or  they  may  be  limited  to  one  portion  of  the  field,  such  as  a 
sectional  area  triangular  in  shape,  with  its  apex  at  the  centre,  its 
base  at  the  periphery  (Figs.  249  and  250) ;  or  there  may  be  gaps  m 
the  field  or  blind  spots  of  various  shapes.    These  are  known  as  scoto- 
mata,  and  may  be  either  at  the  point  of  fixation— central  scotoma 
(Fig.  251) ;  or  outside  it— paracentral  scotoma.    They  may  form  a 
blind  ring  around  the  fixation  point— ring  or  annular  scotoma;  or 
they  may  be  situated  in  other  parts  of  the  field,  where,  as  a  rule, 
they  are  of  little  practical  significance.    (Fig.  252.)    It  should  be 
noted  that  the  entrance  of  the  optic  nerve  into  the  eye,  masniuch  as 
it  contains  no  retinal  elements,  is  a  blind  spot.    It  is  placed  about 
15°  outside  the  fixation  point.    (Figs.  245  and  246.)  _ 

Scotomata  may  be  either  positive  or  negative:  positive  when  they 
form  a  dark  spot  in  the  field  of  vision,  which  the  patient  is  conscious 
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of;  and  negative  when  they  form  merely  a  gap  in  the  field  which  is 
blind,  but  which  is  not  objectively  present  as  a  dark  area  to  the 
patient.  Again,  scotomata  are  either  absolute  or  relative:  absolute 
when  all  perception  is  lost,  relative  when  perception  is  merely  dulled. 
Thus,  a  scotoma  is  said  to  be  absolute  when  all  perception  of  light 
and  form  is  lost  in  it;  relative,  when  there  is  loss  of  perception  of 
color  only. 
The  Light  Sense.    (See  page  35.) 

Congenital  Peculiarities. 

Coloboma  of  the  Sheath  of  the  Nerve.  This  condition,  due  to 
imperfect  closure  of  the  foetal  cleft  in  the  nerve,  is  sometimes  asso- 
ciated with  coloboma  of  the  choroid  and  sometimes  occurs  indepen- 
dently. It  appears  as  a  very  large  and  deep  excavation  of  the  lower 
part  of  the  nerve,  the  whole  disk  being  sometimes  very  much  enlarged. 

Opaque  nerve  fibres  are  seen  on  the  disk  alone  sometimes,  but  they 
generally  spread  out  over  the  retina.    (See  Retina.) 

Pigmentation  of  the  Nerve.  The  optic  nerve  is  sometimes  very 
highly  colored,  of  a  dull  red-gray  hue;  this  condition,  which  may  be 
mistaken  for  optic  neuritis,  is  congenital. 


Fio.  253. 


Acute  optic  neuritis.  Note  disk  much  swollen:  estimated  at  +  7  D.  Edge  indistinct;  vessels 
obscured  at  edge ;  large  number  of  hemorrhages  around  the  disk,  patches  of  oedema  in  the  retina, 
veins  very  tortuous. 

Inflammation  of  the  Optic  Nerve:  Optic  Neuritis.  Inflammation 
of  the  optic  nerve  may  take  place  at  any  point  in  the  course  of  the 
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nerve  If  the  intra-ocular  portion  is  affected,  the  disease  is  spoken 
of  as'papiHitis;  but  if  the  trunk  of  the  nerve  only  is  affected  the 
inflammation  does  not  show  itseh'  ophthahiioscopically  m  the  head 
of  the  nerve,  and  it  is  known  as  a  retrobulbar  or  retro-ocular  neuritis. 

^^Pap^mtis.  Inflammation  of  the  Head  of  the  Optic  Nerve.  This 
shows  itself  in  two  main  forms,  but  there  is  no  sharp  line  of  divi- 
sion between  them,  and  many  cases  have  characteristics  which  will 
bring  them  under  each  heading.  ,•  ^ 

1  The  swelling  is  sharply  limited  to  the  disk;  in  the  earliest  stages 
the  edges  of  the  disk  appear  blurred ;  the  natural  striation  of  the  retina 


Fig.  254. 
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Swollen  disk  In  a  case  of  chronic  meningitis.  (Liebreich.) 

at  the  edge  of  the  disk  is  more  marked;  at  the  same  time  the  disk 
itself  becomes  redder  in  color,  the  veins  are  full  and  show  tortuosity, 
with  a  tendency  to  disappear  into  the  oedematous  retina  at  the  edge 
of  the  disk.  (Fig.  254.)  The  vessels  as  they  emerge  from  the  central 
pit  appear  to  come  markedly  forward,  and  a  movement  of  parallax 
is  obtained  against  the  background  of  the  nerve.  By  this  test,  if 
the  vessels  be  kept  in  view  while  the  head  of  the  observer  is  made 
to  move  a  Httle  from  side  to  side,  they  will  appear  to  move  against 
the  edge  of  the  disk  beliind  them,  showing  that  they  are  not  in  con- 
tact with  it,  but  lie  at  some  distance  in  front  of  it._  As  the  disease 
advances  the  papilla  becomes  more  and  more  prominent  and  stands 
out  into  the  vitreous..  The  nerve  may  be  increased  in  redness,  or 


452 


THE  EYE. 


it  may  become  pale  from  pressure  on  it,  and  may  contain  masses  of 
exudation.  The  arteries  are  small,  the  veins  very  full  and  tortuous; 
where  the  vessels  pass  over  the  edge  of  the  disk  they  may  disappear 
into  the  oedematous  retina  or  behind  the  prominent  and  overhanging 
head  of  the  nerve.  The  amount  of  swelling  should  be  estimated  by 
the  direct  method  with  the  ophthalmoscope.  At  the  same  time  num- 
bers of  retinal  hemorrhages  may  appear  around  the  disk.  The  retina 
between  the  disk  and  yellow  spot  is  frequently  oedematous,  and  is 
thrown  into  folds  radiating  from  the  yellow  spot  and  containing 
degenerated  products  of  inflammation  similar  to  those  that  have  been 
described  in  albuminuric  retinitis.  As  the  inflammation  subsides, 
the  vessels  gradually  regain  their  normal  appearance.  The  swelling 
and  oedema  disappear;  the  disk  is  left  permanently  pale,  but  signs 
of  past  inflammation  show  themselves  in  the  edge  of  the  disk  and 
along  the  vessels.  This  variety  of  optic  neuritis  is  known  as  choked 
disk. 

2.  In  the  other  form,  descending  neuritis,  the  inflammation  is  not 
confined  strictly  to  the  papilla;  it  extends  for  some  distance  into  the 
retina.  Thus  we  find  a  small  degree  of  swelling,  but  more  oedema 
of  the  retina  and  more  hemorrhages  with  white  areas  of  exudation 
into  the  retina.  It  is  difhcult  sometimes  to  decide  from  the  ophthal- 
moscopic examination  alone  whether  we  have  to  deal  with  an  albu- 
minuric retinitis  or  with  an  optic  neuritis  due  to  intracranial  disease. 
But,  as  a  rule,  there  is  less  swelling  of  the  optic  nerve  in  albuminuric 
retinitis  than  in  optic  neuritis.  The  urine  should  be  examined,  as 
albumin  is  not  generally  present  in  optic  neuritis. 

Causes.  Optic  neuritis  may  be  caused  by  a  local  disease  in  the 
brain  or  by  some  general  poison.  The  local  disease  is  generally  of 
an  irritating  kind:  meningitis  or  a  tumor.  The  meningitis  is  either 
acute  or  chronic ;  it  may  be  due  to  middle-ear  disease  or  septic  throm- 
bosis in  the  cavernous  sinus,  to  abscess  of  the  brain,  to  tubercle, 
generally  in  the  form  of  miliary  tuberculosis  of  the  meninges  in  young 
children ;  it  may  be  due  to  posterior  basic  meningitis  caused  by  pneu- 
mococcus  infection,  or  to  hydrocephalus.  It  is  caused  in  rare  cases 
hy  spinal  cord  disease,  such  as  acute  m5^elitis  or  cerebro-spinal  menin- 
gitis. The  tumors  include  intracranial  growths  of  every  kind,  glio- 
mata,  sarcomata,  tuberculous  masses.  Gummata  are  the  most  coimiion 
causes  of  optic  neuritis.  In  about  80  per  cent,  of  cerebral  tumors 
optic  neuritis  is  present,  although  its  occurrence  may  be  late  in  the 
course  of  the  disease.  The  seat  of  the  growth  bears  no  relation  to 
the  extent  or  duration  of  the  disease;  thus,  a  growth  in  the  spinal 
cord  may  give  rise  to  a  well-marked  papillitis,  whereas  extensive  glio- 
matous  change  in  the  frontal  lobes  may  exist  for  a  long  time  without 
producing  optic  neuritis.  Non-irritating  diseases,  such  as  hemor- 
rhages, cysts  like  cysticercus  or  aneurism,  are  not  generall}^  followed 
by  optic  neuritis.  The  presence  of  a  gumma  in  the  brain  not  in 
connection  with  the  optic  nerves  and  acting  after  the  manner  of  a 
tumor  may  produce  neuritis.    A  gumma  may  also  be  formed  in  the 
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optic  tracts  or  chiasma  directly,  or  it  may  in  some  cases  form  in  the 
liead  of  the  optic  nerve  itseli— syphilitic  papillitis. 

The  neuritis  is  generally  double,  but  inflammation  about  the  apex 
of  the  orbit,  the  optic  foramen,  the  sphenoidal  fissure,  erysipelas  of 
the  head  extending  to  the  orbit,  or  distention  of  some  of  the  fossse^  of 
the  nose  pressing  on  the  nerve,  may  give  rise  to  an  optic  neuritis 
confined  to  one  side  only. 

The  general  or  systemic  causes  of  optic  neuritis  may  be  pneumonia; 
exanthematic  fevers,  such  as  influenza,  typhoid,  measles,  scarlet  fever, 
etc.;  severe  anaemia,  lead-poisoning,  suppression  of  menstruation, 
post-partum  conditions,  or  sudden  loss  of  blood. 

Course  and  Symptoms.    The  optic  neuritis  may  exist  for  a  long 
time  without  discovery,  the  failure  of  sight  being  often  so  slight 
as  to  be  unnoticed  by  the  patient.    If  the  attack  is  rapid  and  not 
severe,  the  optic  nerve  may  recover  and  only  show  by  the  ophthal- 
moscope that  it  has  passed  through  a  condition  of  neuritis.  On 
the  other  hand,  the  failure  of  sight  is  somethnes  very  sudden  and 
complete.    In  one  case  the  failure  was  so  sudden  that  the  patient 
complained  that  someone  had  turned  down  the  gas.    Failure  may 
go  on  to  complete  blindness,  and  yet  recovery  may  take  place;  in 
other  cases  vision  fluctuates  very  much.    Occasionally  cases  are  met 
with  presenting  all  the  signs  of  cerebral  tumor:  headache,  vomiting, 
optic  neuritis;  the  optic  neuritis  may  subside,  leaving  the  disk  more 
or  less  atrophic  and  the  vision  impaired;  the  other  symptoms  may 
cease  and  the  patient  may  be  restored  to  a  condition  of  perfect  health. 
Others  again,  especially  children,  pass  through  a  very  severe  attack  of 
double  optic  neuritis  without  the  general  health  appearing  to  suffer 
in  any  way  at  the  time,  and  recover  with  permanently  pale  disks, 
and  never  have  another  attack.    It  is  probable  that  the  cause  of  the 
neuritis  in  many  such  cases  is  tubercular  meningitis,  which  has  been 
recovered  from,  or  a  mass  of  tubercle  lying  in  the  brain,  shut  off  from 
the  tissues  around  it.  A  temporary  disturbance  in  the  mass  of  tubercle 
sets  up  an  inflammation  around  it,  produces  neuritis,  and  then  rapidly 
subsides,  giving  no  further  trouble.    In  other  cases  the  quiescence 
is  not  permanent,  but  recurrences  of  cerebral  irritation  follow  at  long 
intervals,  the  patient  being  in  good  health  between  them.  Each 
attack  corresponds  to  a  period  of  advance  in  some  slowly  growing 
cerebral  neoplasm.     One  such  case  was  that  of  a  girl  of  about 
eighteen,  who  is  still  under  observation,  who  has  been  known  to 
have  had  optic  atrophy  following  neuritis  for  ten  years.    She  has 
periods  of  good  health,  and  then  attacks  of  very  intense  pain  in  the 
head,  vomiting,  delirium,  etc.,  recurring  at  intervals  of  several  months. 
In  one  of  these  attacks  she  had  violent  epileptic  fits,  which  produced 
petechial  hemorrhages  of  the  conjunctiva  and  face.    The  disks  are 
quite  white  and  she  is  practically  blind;  although  she  has  central 
vision  of  y'V,  it  is  at  such  a  pin-point  area  in  the  centre  of  the  blind 
visual  field  that  it  is  with  the  utmost  difficulty  that  she  can  find  the 
object  she  wishes  to  look  at. 
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The  attacks  vary  very  much  in  their  duration;  some  of  them  are 
very  rapid  and  pass  away  entirely  in  a  few  weeks,  ending  in  recovery 
with  or  without  destruction  of  sight ;  in  others  the  condition  is  very 
chronic,  the  appearance  of  neuritis  in  the  disk  being  present  for 
months.  As  a  rule,  attacks  are  single,  but  cases  have  been  described 
by  Anderson,  Gowers  and  others  in  which  second  attacks  have  been 
observed,  and  Gunn  has  seen  optic  neuritis  occur  in  a  well-developed 
form  in  a  disk  wliich  had  previously  been  noted  to  be  atrophic. 
Optic  neuritis  occurring  during  or  after  pregnancy  is  probably  due  to 
some  toxic  condition  arising  from  tlie  uterus.  It  subsides  after  a  time 
without  much  impairment  of  vision. 

Anaemia  may  give  rise  to  the  most  severe  optic  neuritis  and  very 
great  swelling  of  the  disk.  Tliis  may  be  a  simple  swelling  consisting 
mainly  of  oedema,  or  it  may  be  accompanied  by  large  numbers  of 
retinal  hemorrhages  and  exudations  into  the  retina.  Optic  neuritis 
due  to  aiiiemia  is  often  very  sudden  in  its  onset.  It  presents  a  con- 
trast to  that  occurring  in  cerebral  tumor.  In  addition  to  making  an 
examination  of  the  general  state  of  health  of  the  patient,  with  analysis 
of  the  urine,  it  is  advisable  here  to  make  an  examination  of  the  blood, 
counting  the  number  of  corpuscles. 

Suppression  of  menstruation  from  exposure  to  cold  is  said  to  cause 
rapid  failure  of  sight  after  optic  neuritis.  It  is  possible  that  many 
such  causes  may  come  under  the  heading  of  anaemic  or  chlorotic 
neuritis. 

Optic  neuritis  in  lead-poisoning  varies  in  degree  from  the  slightest 
haze  of  the  disk  to  a  severe  acute  swelling  of  the  disk  with  hemoi'- 
rhages.  It  sometimes  extends  widely  into  the  retina,  producing  an 
ophthalmoscopic  appearance  not  much  distinct  from  albuminuric 
retinitis  of  granular  kidney.  In  this  case  it  is  probable  that  the 
cause  lies  in  the  granular  condition  of  the  kidneys,  caused  by  Briglit's 
disease,  which  is  very  likely  to  occur  in  those  suffering  from  lead 
intoxication.  The  urine  should  be  examined,  and  other  signs  of  lead- 
poisoning  sought  for,  such  as  the  presence  of  a  blue  line  on  the  gums. 

Spurious  Optic  Neuritis.  Mention  must  be  made  here  of  a  condition 
of  the  disk,  wliich  is  sometimes  met  with,  resembling  optic  neuritis 
in  the  acute  stage.  The  disk  is  red,  congested,  mth  blurred  edges, 
and  a  measurable  amount  of  swelling,  or  it  may  appear  blurred  and 
rather  pale,  as  in  a  subsiding  neuritis.  The  vision  of  the  eye  is  normal, 
the  visual  fields  are  normal,  the  color  vision  and  the  light  sense  are 
normal,  and  there  is  no  history  of  any  previous  defect  of  sight.  Many 
of  these  cases  have  been  watched  for  years  and  no  change  has  been 
noticed  in  the  ophthalmoscopic  appearances.  A  smaller  degree  of  the 
same  condition  is  not  uncommonly  met  with  in  the  red  and  streaked 
disk  of  hypermetropia.  In  both  of  these  conditions  the  appearance 
of  neuritis  is  probably  due  to  a  congenital  peculiarity  of  the  optic 
papilla. 

Cause.  The  causes  of  optic  neuritis  in  their  relation  to  cerebral 
tumor  have  been  discussed  at  great  length  by  many  writers.  \o\\ 
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Graefe  explained  it  as  being  a  swelling  produced  by  a  blocking  of  the 
cavernous  sinus  and  of  the  tributary  ophthalmic  vein,  hence  the 
name  "choked  disk."  Schmidt-Rimpler  and  Manz  showed  that  the 
fluid  displaced  by  a  cerebral  tirnior  found  its  way  into  the  lymph 
spaces  of  the  optic  nerve,  the  intersheath  spaces  became  distended 
with  fluid,  especially  at  the  ocular  end,  where  there  is  an  ampulla-like 
enlargement  of  the  intersheath  space.  The  pressure  of  this  fluid 
passed  into  the  optic  nerve  and  compressed  the  retinal  vessels,  by 
wliich  the  thin-walled  veins  were  affected  more  than  the  arteries. 
Hence,  a  liindrance  to  the  exit  of  fluid  was  produced,  which  gave 
rise  to  the  choked  disk  appearance.  According  to  Leber,  the  presence 
of  this  fluid  sets  up  a  toxic  condition  and  gives  rise  to  an  inflamma- 
tion of  the  nerve.  Other  writers  have  held  that  the  neuritis  is  a 
true  descending  one ;  they  have  shown  that  there  is  an  increased  cel- 
lular exudation  in  the  tissues  surrounding  the  cerebral  tumor,  which 
extends  the  whole  way  from  the  tumor  to  the  nerve  and  along  the 
latter  to  the  eye.  Whether  tliis  be  the  fact  or  not,  there  can  be  no 
doubt  that  a  great  deal  of  the  swelling  in  choked  disk  is  caused  by 
the  pressm-e  of  fluid  irt  the  cranial  cavity,  and  secondarily  in  the 
subarachnoid  space  of  the  nerve,  inasmuch  as  relief  of  pressure 
causes  reduction  of  the  swelling  in  the  disk.  The  results  of  Hors- 
ley's  work  have  shown  that  trepliining  the  skull  in  cases  of  cerebral 
tumor  causes  diminution  in  the  optic  neuritis,  even  when  it  has  been 
found  impossible  to  remove  the  tumor. 

Prognosis  and  Treatment.    The  prognosis  depends  very  much  on 
the  nature  and  cause  of  the  neuritis.    In  a  case  of  cerebral  tumor 
wliich  is  incapable  of  removal,  and  which  is  steadily  growing,  the 
prognosis  is  serious;  the  treatment  is  that  of  the  cerebral  tumor.  But 
even  if  the  tumor  be  necessarily  progressive  and  incapable  of  removal, 
life  may  still  last  many  years,  and,  if  the  sight  can  be  saved,  it  should 
be  done.  It  may  be  said  that  the  operation  of  incising  the  distended 
sheath  of  the  nerve  behind  the  eye  offers  no  prospect  of  relief,  but 
the  results  of  Horsley's  work  give  great  hope  of  lessening  and  even 
of  stopping  the  optic  neuritis  by  trephining  the  skull  and  relieving 
intracranial  pressure.    In  suitable  cases  this  plan  should  be  carried 
out ;  it  is  scarcely  necessary  to  use  it  where  the  optic  nem-itis  is  not 
very  severe  and  does  not  interfere  much  with  the  vision.  Much 
reduction  in  the  amount  of  swelling  can  also  be  sometimes  obtained 
by  the  use  of  iodide  of  potassium.    In  chlorosis  the  prognosis  is  good, 
but  it  depends  on  an  early  recognition  of  the  cause.  Treatment 
should  be  in  the  main  by  iron,  aided  sometimes  by  arsenic  and  by 
regulating  the  other  factors  of  health,  especially  by  relieving  con- 
stipation.   In  cases  associated  with  disorders  of  menstruation  hot 
baths  should  be  given  and  leeches  applied  to  the  temple.    In  the 
acute  specific  fevers  the  prognosis  is  good  and  treatment  calls  for  no 
special  remark.    In  lead-poisoning  the  prognosis  is  not  very  good; 
the  cases  go  on  frequently  to  atrophy,  and  the  possibility  of  renal 
complications  arising  should  be  borne  in  mind.    The  treatment  is 
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that  of  lead-poisoning  generally.  The  cases  occurring  in  pregnancy 
recover  without  going  on  to  complete  blindness;  they  require  no 
special  ocular  treatment.  The  syphilitic  cases  should  be  treated 
according  to  the  seat  of  the  syphilitic  lesion.  If  it  be  a  local  affec- 
tion of  the  head  of  the  nerve,  syphilitic  optic  neuritis,  inunction  of 
mercury  should  be  used;  if  this  be  carried  out  efficiently  in  the  early 
stage,  the  prospect  of  recovery  is  good.  In  the  other  class  in  winch 
the  optic  neuritis  is  secondary  to  gummatous  disease  of  the  brain, 
the  prognosis  is  less  good  and  the  treatment  should  be  in  the  main 
by  iodides. 

Retrobulbar  Neuritis.  Retrobulbar  neuritis,  the  other  main  form 
of  inflannnation  of  the  optic  nerve,  as  distinguished  from  papillitis, 
shows  itself  by  changes  in  the  nerve  behind  the  eye,  and  only  appears 
in  the  papilla  at  a  later  stage.  It  produces  a  diminution  of  central 
vision,  the  general  area  of  the  visual  field  being  unchanged.  It  has 
been  investigated  by  many  observers,  of  whom  the  earliest  were 
Samelsohn  and  Nettleship.  The  results  of  their  investigations  showed 
that  it  was  the  papillo-macular  bundle  of  fibres  employed  in  central 
vision  which  was  affected.  The  papillo-macular  fibres  supply  the 
yellow  spot  region,  and  in  the  optic  nerve  occupy  the  temporal  side 
of  the  disk.  In  the  anterior  part  of  the  nerve  behind  the  eye  they 
form  a  wedge-shaj^ed  segment,  whose  apex  is  toward  the  centre, 
and  base  toward  the  temporal  border  of  the  nerve.  Further  back 
in  the  nerve  these  fibres  occupy  a  more  central  position  and  do  not 
reach  the  edge  of  the  nerve;  in  the  skull  they  form  an  oval  mass  below 
and  to  the  temporal  side  of  the  centre.  In  inflammation  of  tliis . 
bundle  of  fibres  there  are  proliferation  of  the  cells  of  the  neuroglia, 
engorgement  of  vessels,  and  interstitial  neuritis,  and  at  a  late  stage 
degeneration  of  the  axis-cylinders  from  pressure.  The  effect  on 
vision  of  this  inflammation  of  the  papillo-macular  fibres  is  the  for- 
mation of  a  blind  spot  in  the  visual  field,  extending  from  the  nasal 
side  of  the  point  of  fixation  longitudinally  outward  as  far  as  the 
normal  blind  spot.  The  density  of  the  scotoma  varies  from  an  ina- 
bility to  distinguish  color  or  a  lessened  perception  of  color  at  the 
centre — relative  color  scotoma — to  a  loss  of  perception  of  form- 
absolute  scotoma.  The  causes  may  be  classified  according  to  their 
seat  and  nature  into:  Local  causes — orbital  cellulitis,  erysipelas,  local 
periostitis,  syphilitic  or  not;  tubercle  or  septic  inflammation  from 
the  neighboring  sinuses;  of  these,  the  sphenoidal  sinus  is  the  most 
likely  one  to  give  trouble,  as  it  is  separated  from  the  optic  nerve  by 
only  a  tliin  layer  of  bone.  General  causes  :  gout,  diabetes,  the 
various  poisons,  general  septicremia,  hereditary  retrobulbar  neuritis, 
and  disease  occurring  in  the  optic  nerve  as  part  of  the  nervous  system 
generally.    The  disease  shows  itself  in  an  acute  and  a  chronic  form. 

Acxde  Retrobulbar  Neuritis.  This  is  manifested  by  a  rapid  failure 
of  sight  on  one  eye,  generally  preceded  by  neuralgic  pain  in  the  tem- 
ple, pain  in  pressing  the  eyeball  back  into  the  orbit,  and  in  movement 
of  the  eye  from  side  to  side.    As  a  consequence  of  the  pain  elicited 
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by  movement  of  the  eyes,  they  are  frequently  kept  closed.  At  first 
there  is  scarcely  any  ophthalmoscopic  change,  but  later  on  the  disk 
becomes  paler  and  the  vessels  may  become  contracted,  the  pupils 
are  dilated  and  somewhat  inactive  to  light;  or  if  the  reaction  is  good, 
it  will  be  found  that  the  contraction  on  exposure  to  light  is  not  main- 
tained, the  pupil  quickly  rebounds. 

Failure  of  sight  goes  on  increasing  for  four  or  five  days,  reaches  its 
height,  and,  after  a  week  or  so,  begins  to  recover  slowly,  the  period 
of  recovery  occupying  a  month  or  six  weeks.  The  defect  is  often 
described  as  a  mist  or  dark  spot  which  covers  the  objects  looked  at, 
and  gives  the  appearance  of  a  gray-brown  spot  on  a  white  surface. 
The  vision  is  worse  in  bright  light  and  improves  after  rest,  as  in 
the  early  morning  after  a  night's  rest.  This  effect  of  bright  light 
is  probably  caused  by  over-stimulation  of  the  weakened  nerve  ele- 
ments or  by  their  imperfect  insulation.  It  was  noted  by  Berry  as  a 
point  of  difference  between  papillitis  and  retrobulbar  neuritis  that 
the  hght  difference,  as  tested  by  Bjerrum's  types,  was  scarcely  present 
at  all  in  papillitis,  but  was  strongly  marked  in  retrobulbar  neuritis. 
The  visual  fields  are  not  contracted  in  the  ordinary  cases,  but  there 
is  a  central  defect  of  vision  extending  from  the  yellow  spot  and 
including  the  optic  nerve  entrance.  Sometimes,  however,  central 
vision  does  not  fail,  but  a  peripheral  contraction  of  the  visual  field 
may  be  present,  as  in  the  case  of  periostitis  in  the  optic  canal,  when 
the  defect  in  the  visual  field  corresponds  to  the  seat  of  pressure  on 
the  nerve.  Hock  beheves  that  it  is  possible  to  indicate  the  seat  of 
the  disease  by  the  direction  of  the  movement  of  the  eye,  wliich  pro- 
duces pain,  this  being  due  to  stretching  of  the  sheath  of  the  nerve. 
Thus,  pain  on  looking  up  would  indicate  the  lower  part  of  the  sheath 
of  the  nerve  as  the  seat  of  the  inflammation,  and  the  upper  part  of 
the  visual  vessel  as  contracted.  This  is  certainly  not  always  true. 
After  recovery  has  set  in,  the  process  may  continue  until  the  sight 
is  quite  restored  to  the  normal,  or  there  may  be  permanent  loss  of 
vision.  In  those  cases  where  the  focus  of  the  disease  is  close  behind 
the  eye,  the  papilla  is  involved,  and  it  is  not  easy  to  distinguish  the 
ease  from  one  of  ordinary  papillitis.  In  ordinary  papillitis  the  failure 
'  of  sight  comes  on  later  in  the  disease,  even  after  the  attack  has  begun 
to  subside,  while  in  retrobulbar  neuritis,  failure  of  sight  occiu-s  at 
the  very  beginning. 

Treatment.  In  addition  to  the  treatment  of  whatever  may  be 
the  obvious  underlying  cause  of  neuritis,  such  as  syphilis,  tubercle, 
gout,  etc.,  much  may  be  done  in  the  way  of  local  measures.  Dark 
glasses  or  goggles  should  be  worn  in  bright  light ;  leeches  or  the  arti- 
ficial leech,  or  blisters  should  be  applied  to  the  temple  and  all  use 
of  the  eyes  forbidden.  Iodide  of  potassium  should  be  given  and  any 
local  disease  in  the  nose  should  be  dealt  with. 

Chronic  Retrobulbar  Neuritis.  Under  tliis  heading  we  find  the 
various  forms  of  toxic  amblyopia,  the  most  common  of  which  is  that 
produced  by  tobacco  or  tobacco  combined  with  alcohol.  Other 
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causes  are  bisulpliide  of  carbon,  used  in  the  curing  of  vulcanite, 
iodoform,  occasional!)^  seen  after  its  use  in  surgery;  nitrobenzol^ 
dynamite,  methyl  alcohol,  lead,  male  fern,  pomegranate  root,  Jamaica 
ginger,  and  other  substances. 

The  question  of  the  existence  of  pure  alcoholic  amblyopia  appears 
now  to  be  established  in  the  affirmative,  but  for  a  long  time  it  was 
a  much  disputed  point,  for  no  case  of  amblyopia  was  met  with  in 
which  there  was  an  entire  absence  of  the  use  of  tobacco.  Alcohol 
does  undoubtedly  frequently  influence  the  course  and  nature  of  the 
tobacco  amblyopia.  The  worst  cases  met  with  and  the  ones  which 
result  in  imperfect  recovery  are  those  in  which  considerable  amounts 
of  alcohol  have  been  taken  in  addition  to  the  use  of  tobacco. 

Diabetic  Amblyopia.  The  question  of  amblyopia  has  also  been 
discussed  from  the  point  of  view  of  its  association  with  diabetes  as 
a  cause.  Undoubtedly  diabetics  are  very  susceptible  to  the  influence 
of  tobacco,  which  is  apt  to  produce  in  them  a  toxic  amblyopia.  The 
rapidity  with  which  this  may  be  brought  about  is  shown  by  the  case 
■of  a  patient,  aged  fifty-four  years,  who  had  been  known  to  have  dia- 
betes for  at  least  two  years.  About  four  months  before  he  was  first 
seen  he  had  retired  from  active  work,  and,  time  being  heavy  on  his 
hands,  he  had  taken  to  smoking  for  the  first  time  in  his  life.  He 
smoked  very  moderately— not  more  than  one  pipe  a  day — and  his 
sight  began  to  fail  about  three  months  after  beginning  to  smoke  and 
about  one  month  before  he  was  seen.  His  sight  at  that  time  was 
R.  •j'V,  L.  /q.  He  had  a  central  color  scotoma,  no  contraction  of 
his  visual  fields;  his  optic  disks  were  rather  pale.  He  at  once  dis- 
continued tobacco,  but  his  sight  continued  to  fail,  and  two  months 
later  was  reduced  to  in  each  eye.  His  optic  nerves  were  then  very 
pale.  Although  most  of  the  diabetics  who  have  come  under  obser- 
vation with  central  scotoma  have  been  users  of  tobacco,  a  few  cases 
have  been  met  with,  some  of  them  among  women,  in  which  there 
appeared  to  be  no  cause  for  amblyopia  apart  from  the  diabetes 
itself. 

Pathology.  The  changes  that  have  been  found  post-mortem  have 
been  confined  to  the  papillo-macular  fibres  of  the  optic  nerve.  They 
consist  in  thickening  of  the  coats  of  the  vessels  in  the  optic  nerves  and 
an  interstitial  neuritis  or  increase  of  the  connective-tissue  elements 
in  the  optic  nerve  with  atrophy  of  the  nerve  fibres.  Lately  opinion 
has  been  leaning  toward  the  view  that  the  change  begins  by  a  degener- 
ation in  the  macular  region  of  the  retina.  The  experiments  of  Lang- 
ley  on  the  influence  of  nicotine  on  the  activity  of  the  ganglionic 
cells  has  further  stimulated  inquiry  in  this  direction.  Nuel  has  held 
from  examination  of  a  section  of  the  yellow  spot  that  the  disease 
starts  in  the  macula  lutea.  Whether  this  change  is  due  to  the  action 
of  nicotine,  or,  possibly,  some  of  the  other  constituents  of  tobacco 
smoke,  notably  pyridine,  on  the  ganglionic  cells  or  their  sjmapses, 
or  whether  the  changes  found  in  them  are  due  to  an  interference  with 
their  blood  supply,  must,  for  the  present,  remain  undetermined. 
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Symptoms.    There  are  sometimes  present  the  symptoms  of  general 
tobacco-poisoning,  rapidity  of  the  heart-beat,  sleeplessness,  loss  of 
appetite,  tremors,  etc. ;  but  these  may  be  conspicuously  absent.  The 
sight  is  dim,  there  is  a  mist  or  a  fog  over  the  objects  directly  looked 
at,  and  an  inability  to  distinguish  colors,  as,  for  instance,  to  tell 
readily  a  sovereign  from  a  shilhng.    The  sight  is  worse  in  a  bright 
than  in  a  subdued  light;  the  acuteness  of  vision  may  be  considerably 
reduced,  from  f  to  /q,  or  even  less.    Ophthalmoscopic  examina- 
tion shows  slight  haziness  of  the  disk  generally,  with  pallor  of  the 
temporal  half.    In  other  respects  the  fundi  are  normal,  and  even 
these  changes  are  by  no  means  constant  or  easily  recognized.  The 
visual  fields  in  true  tobacco  amblyopia  are  of  normal  extent.  But 
at  the  fixation  point  there  is  a  scotoma  or  blind  area  for  colors, 
extending  from  the  fixation  point  to  the  bUnd  spot.    The  size  of  the 
scotoma  and  its  density  vary  very  greatly;  its  average  size  is  an  oval, 
having  a  horizontal  diameter  of  about  20°,  with  a  vertical  cUameter 
of  12°.    Sometimes  it  is  larger  ^nd  extends  outward  almost  to  the 
limit  of  the  color  field,  when  it  is  sometimes  difficult  to  discover  the 
nature  of  the  scotoma,  unless  we  use  test  spots  of  considerable  size. 
Perception  of  green  is  lost  first,  then  of  red;  perception  of  blue  and 
yellow  are  less  frequently  lost.    The  point  of  greatest  saturation  of 
the  color  defect  Ues  outside  the  fixation  point.    It  is  nearly  always 
possible  to  make  out  at  this  spot  that  the  scotoma  is  absolute — that 
is,  that  perception  of  everything  is  lost  at  it — but  the  examination 
requires  care  with  a  very  small  test  object.    It  is  sometimes  difficult 
to  obtain  good  evidence  of  the  scotoma,  because  of  the  inability  of 
the  patient  to  fix  the  object  steadily.    This  is  most  commonly  found 
when  the  condition  of  tobacco  shakiness  is  far  advanced,  and  espe- 
cially when  it  is  complicated  with  chronic  alcoholic  poisoning.  The 
shiftiness  of  the  eye  under  observation  and  the  wandering  attention 
of  the  patient  are  well  marked  and  almost  characteristic.    If  this 
defect  be  met  with,  the  best  method  of  making  the  examination  is 
to  cut  out  a  piece  of  paper,  red  on  one  side  and  green  on  the  other, 
about  5  mm.  square,  and  stick  it  into  the  nib  of  a  pen.    Armed  with 
this,  stand  directly  in  front  of  the  patient,  and  tell  him  to  look  steadily 
at  the  point  of  your  nose,  one  eye  being  covered.    It  is  possible  then 
to  change  rapidly  the  position  of  the  color  spot,  and,  at  the  same 
time,  to  keep  a  close  watch  on  the  fixation  of  the  eye.    In  this  way 
the  examination  is  made  accurately  and  rapidly.    If  it  is  desired  to 
keep  a  record  of  the  size  of  the  scotoma,  it  should  be  charted  on  the 
perimeter.    In  addition  to  finding  the  scotoma,  it  is  necessar}^  to  see 
that  the  field  of  vision  is  not  contracted,  that  the  pallor  of  the  disk 
is  limited  to  the  temporal  side,  that  there  are  no  other  signs  of  nerve 
disorder,  like  tabes  or  insular  sclerosis,  before  coming  to  a  conclusion 
as  to  the  nature  of  the  disease. 

Prognosis  and  Treatment.  The  prognosis  is  good,  provided  that 
the  patient  will  abstain  from  all  use  of  tobacco;  improvement  may 
follow  diminution  of  the  amount  used,  but  it  is  well  to  insist  that  all 
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tobacco  should  be  given  up,  as  a  very  small  amount  is  often  sufficient 
to  keep  up  the  irritation.  In  addition,  it  is  well  to  give  small  daily 
doses  of  strychnine.  Improvement  generally  sets  in  after  about  two 
'Weeks  and  goes  on  to  complete  recovery.  As  to  whether  the  patient 
may  resume  smoking  after  recovery  or  not,  he  may  do  so  to  a  very 
moderate  degree  after  an  interval  of  moziths;  but,  seeing  the  hold 
that  tobacco  has  on  many  confirmed  smokers,  it  is  well,  when  the 
habit  has  been  broken,  for  it  not  to  be  resumed,  for  relapses,  although 
uncommon,  may  occm-.  In  some  of  the  worse  cases  of  tobacco- 
alcohol  blindness  the  loss  of  vision  amounts  to  all  but  a  perception 
of  light.  In  such  cases  strychnine  should  be  given  in  full  doses.  It 
is  useful  to  combine  it  with  nitroglycerin  or  to  give  inhalations  of 
amyl  nitrite ;  at  the  same  time  the  general  health  must  be  considered, 
as  such  patients  are  often  broken  down,  and  sometimes  on  the  brink 
of  delirium  tremens.  Sleep  and  a  sufficient  amount  of  nourishing 
food  must  be  secured. 

Bisulphide  of  Carbon.  The  symptoms  of  bisulphide  of  carbon  poi- 
soning resemble  much  those  of  the  most  acute  of  the  tobacco-alcohol 
cases.  They  are  giddiness,  pallor  of  face,  unsteadiness  of  gait,  and 
tremors,  with  failing  sight,  a  mist  before  the  eyes,  dilated  pupil, 
and  ophthalmoscopically  disks  which  are  pale  or  hazy  all  over.  The 
effect  of  carbon  bisulphide  is  more  severe  than  that  of  tobacco.  In 
a  collection  of  cases  made  by  the  Ophthalmological  Society  of 
the  United  Kingdom,  33  per  cent,  recovered  vision,  25  per  cent, 
improved,  and  20  per  cent,  did  not  improve  at  all. 

This  disease  is  very  rare  now,  owing  to  improved  methods  of  venti- 
lation in  factories,  by  wliich  the  vapor  is  not  allowed  to  circulate 
among  the  workers,  but  is  drawn  out  of  the  room  by  proper  extrac- 
tors, so  that  cases  rarely  come  under  care.    Treatment  is  that  of 
tobacco  amblyopia. 

Chronic  lead-poisoning  is  characterized,  in  addition  to  the  general 
signs  of  plumbism,  by  loss  of  sight,  often  of  the  central  scotoma  type, 
slight  chronic  neuritis  of  the  optic  nerve,  passing  on  to  atrophy,  with 
some  contraction  of  the  field  of  vision.  In  addition  there  may  be 
the  signs  of  albuminuric  retinitis  secondary  to  granular  kidneys, 
caused  by  lead-poisoning. 

Hereditary  Optic  Atrophy.  This  disease,  which  is  characterized  in 
its  onset  by  loss  of  central  vision,  the  periphery  of  the  visual  field 
being  retained,  probably  belongs  to  the  retrobulbar  neuritis  group, 
although  the  ophthalmoscopic  appearances,  as  a  rule,  are  those  of 
simple  atrophy.  It  begins  in  early  adult  life,  generally  from  eighteen 
to  twenty-five  years  of  age,  attacks  the  male  members  of  a  family 
mostly,  is  transmitted  through  the  females,  and  generally  appears  in 
successive  generations.  Another  feature  of  the  history  of  these  fami- 
hes  is  the  large  number  of  early  infantile  deaths  which  it  reveals. 
The  disease  is  generally  slow  in  its  progress  and  is  unaffected  by  any 
treatment.  It  does  not  go  on  to  complete  blindness,  a  certain  amount 
of  peripheral  vision  being  retained. 
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Amblyopia  is  said  to  be  produced  by  a  very  large  number  of  agents. 
But  such  causes  are  very  uncommon;  the  only  one  which  calls  for 
special  mention  is 

Quinine  Amblyopia.  This  may  be  caused  in  susceptible  mdivid- 
uals  by  comparatively  small  doses  of  the  salts  of  quinine  ;^but  the 
doses  known  to  have  caused  blindness  are  from  15  grs.  to  5j,  taken 
in  the  day.  The  loss  of  sight  comes  on  rapidly  and  varies  in  degree, 
but  it  may  be  total.  The  pupils  are  dilated  and  irresponsive  to 
light;  ophthalmoscopically  the  disks  are  seen  to  be  pale,  the  retinal 
vessels  very  small,  like  the  appearances  in  atrophy  of  the  optic  nerve. 
(Edema  of  the  retina  is  sometimes  present,  and  a  cherry-red  spot  at 
the  macula,  Uke  the  appearances  in  embolism  of  the  central  retinal 
artery,  is  met  with.  It  can  sometimes  be  recognized  that  the  visual 
fields  are  strongly  contracted.  Recovery  takes  place  first  at  the 
centre  of  the  field  for  form  and  then  for  color,  but  a  certain  amount 
of  contraction  of  the  fields  of  vision  often  remains  permanently. 

Prognosis.  In  most  cases  recovery  takes  place  to  a  certain  extent, 
but  the  process  goes  on  for  months  before  it  is  complete.  Relapses 
may  occur  if  the  drug  be  again  administered.  The  experiments  of 
Brimner,  Barabaschew,  and  cle  Schweinitz  have  shown  that  the  lesion 
is  a  peripheral  one,  depending  on  defective  nutrition  of  the  nerve  and 
retina,  from  extreme  contraction  of  the  retinal  vessels.  There  is 
no  neuritis,  but  thickening  and  obliteration  of  the  lumen  of  the  arteries 
supplying  the  optic  nerve,  chiasma,  and  optic  tracts  are  seen.  Accord- 
ing to  the  experiments  of  Ward-Holden,  in  dogs  fed  on  quinine  the 
change  first  shows  itself  in  the  ganglionic  cells  of  the  retina  and  nerve 
fibres;  by  the  forty-seventh  day  the  ganglionic  cell  layer  and  nerve- 
fibre  layer  had  almost  disappeared.  He  holds  that  with  a  lessened 
blood  supply  the  less  resistant  elements  of  the  retina— the  ganglionic 
cells— break  down,  and  that  there  is  an  ascending  degeneration  of  the 
nerve  fibres  secondary  to  this  change  in  the  nerve  cells. 

Treatment.  Administration  of  quinine  and  its  salts  must  be 
stopped.  Nitrite  of  arayl  or  nitroglycerin  internally  are  the  best 
forms  of  treatment.  Stryclinine,  digitalis,  and  iodide  of  potassium 
may  also  be  used. 

Retrobulbar  Neuritis  Due  to  Disease  Affecting  the  Nervous  Sys- 
tem Generally.  The  most  frequent  cause  under  this  heading  is  insu- 
lar sclerosis.  There  is  much  similarity  between  certain  cases  of  acute 
retrobulbar  neuritis  and  insular  sclerosis,  and  also  between  the  latter 
and  tobacco  amblyopia.  In  insular  sclerosis  optic  nerve  changes 
are  not  infrequent,  and  also  loss  of  vision  without  ophthalmoscopic 
signs,  probably  due  to  an  actual  afi"ection  of  the  nerve.  The  insular 
sclerosis  attacks  the  nerve  as  it  attacks  other  parts  of  the  nervous 
system  in  the  form  of  islands  of  sclerosis,  in  which  the  nerve  elements 
may  be  interfered  with  or  altogether  destroyed.  The  method  by 
which  the  pallor  travels  from  the  seat  of  the  sclerosis  down  the  disk 
is  not  explained.  It  may  possibly  be  due  to  wasting  of  the  cen- 
trifugal fibres,  which  go  from  the  basal  ganglia  to  the  retina. 
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Optic  Neuritis  with  Dropping  of  Watery  Fluid  from  the  Nostril. 

A  few  cases  have  been  observed  in  which  there  was  a  persistent  flow 
of  fluid  from  one  nostril,  with  headache,  vomiting,  drowsiness  or 
delirium,  and  amblyopia.  Optic  neuritis  is  present  at  the  same  time. 
The  fluid  analyzed  has  been  found  to  resemble  cerebro-spinal  fluid, 
in  some,  if  not  all  of  the  cases,  and  there  is  great  probability  of  its 
escape  from  the  skull  through  the  cribriform  plate  of  the  ethmoid. 
The  prognosis  is  not  good  and  no  treatment  has  hitherto  been  found 
of  use. 

Atrophy  of  the  Optic  Nerve.    Atrophy  of  the  optic  nerve  is  either  " 
a  primary  disease  or  is  secondary  to  some  previous  affection  of  the 
optic  nerve,  like  optic  neuritis,  embolism  of  the  central  artery  of  the 
retina,  or  to  retinochoroiditis  or  retinitis  pigmentosa.     (Fig.  255.) 


Fin.  255. 


Ophthalmoscopic  appearance  of  disk  in  atrophy  following  hemorrhage.  (Jaeger.) 

Primary  optic  atrophy,  also  known  as  simple  or  progressive 
atrophy,  is  characterized  by  gradually  increasing  pallor  of  the  optic 
nerves  without  signs  of  inflammation.  The  disease  is  generally 
bilateral.  The  small  vessels  of  the  nerve  disappear,  the  retinal  arte- 
ries dwindle,  the  veins  become  funnel-shaped  at  the  disk,  and  the 
disk  assumes  a  delicate  blue-white  tint.  The  vessels  make  a  slight 
bend  as  they  pass  over  the  edge  of  the  disk,  owing  to  a  slight  atrophic 
excavation  of  the  disk ;  the  stippling  of  the  lamina  cribrosa  becomes 
marked,  the  sight  undergoes  progressive  diminution,  perception  of 
color  is  lost,  and  the  fields  become  contracted,  generally  concentrically, 
but  perhaps  more  in  one  part  than  in  another.  The  most  common 
cause  of  primary  optic  atrophy  is  tabes  dorsalis.  The  atrophy  is 
often  the  earliest  sign  of  tabes  and  may  precede  any  other  symptom 
by  years.  Generally  where  the  spinal  symptoms  come  on  early, 
the  optic  atrophy  is  late  in  appearance.  Among  the  other  signs 
are  smallness  of  the  pupils,  spinal  myosis,  the  Argyll-Robertson 
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pupil,  loss  of  the  knee-jerk,  and  loss  of  equilibrium  {Romberg's 
sxjmptom),  the  ataxic  gait,  while  the  patient  may  complain  of  peri- 
odic acute  attacks  of  indigestion  (gastric  crises),  lightning  pains 
in  the  limbs,  or  girdle  pains  about  the  body.  The  atrophy  of  the 
optic  nerve  may  go  on  to  complete  blindness  without  the  appear- 
ance of  any  of  the  other  symptoms,  the  patient  remaining  in  good 
health.  In  some  of  the  cases  the  disease  comes  to  an  end,  the  optic 
nerves  only  are  affected;  probably  these  should  be  regarded  as  cases 
of  arrested  tabes,  but  generally  the  signs  of  ataxy  develop  later.  In 
complete  tabetic  atrophy  the  retinal  ganglion  cells  have  been  found 
to  disappear;  Ward-Holden  discovered  only  degenerated  ganghon 
cells  here  and  there,  even  in  the  macula.  If  this  be  so,  the  atrophy 
of  the  nerve  itself  is  probably  secondary  to  that  of  the  retinal  ganglion 
cells.  Optic  atrophy  also  occurs  in  insular  sclerosis  and  general  par- 
alysis of  the  insane,  and  it  has  in  a  few  rare  cases  been  found  asso- 
ciated with  diabetes  insipidus.  It  may  follow  local  changes  in  the 
orbit,  as  the  pressure  of  a  tumor.  These  forms  are  characterized  by 
their  being  one-sided  and  affecting  only  one  portion  of  the  nerve. 
Simple  atrophy  is  rare  in  children;  it  is  most  common  after  middle 
age.  It  is  often  difficult  to  distinguish  primary  atrophy  from  the 
atrophy  which  accompanies  very  chronic  glaucoma.  The  difference 
can  generally  be  made  out  by  the  fact  that  in  the  latter  disease 
perception  of  colors  is  not  lost,  and  the  ophthalmoscopic  appearances 
show  that  the  excavation  of  the  disk  is  very  much  greater  in  glau- 
coma than  in  primary  optic  atrophy. 

The  prognosis  is  generally  unfavorable;  primary  atrophy  leads 
almost  certainly  to  blindness. 

Treatment  should  be  directed  to  the  disease  underlying  the  atrophy; 
for  the  optic  nerve  itself  we  may  give  strychnine  or  iodide  of 
potassimn. 

Fost-neuritic  atrophy  is  the  last  stage  of  an  optic  neuritis.  It 
differs  in  ophthalmoscopic  appearances  from  primary  atrophy  in  the 
appearance  of  the  disk  and  parts  around.  Instead  of  being  quite 
clear  and  sharply  defined,  the  disk  is  covered  by  a  light  haze,  as  if  it 
had  been  washed  with  Chinese  white,  the  veins  are  still  distended 
and  tortuous,  and  both  arteries  and  veins  have  white  lines  along 
them,  owing  to  thickening  of  their  sheaths;  the  lamina  cribrosa  is 
hidden  by  the  remains  of  the  inflammatory  exudation  and  there  is 
a  disturbance  of  the  choroid  around  the  disk.  In  many  cases,  how- 
ever, it  is  impossible  to  say  with  confidence  whether  the  atroph}^  is 
primary  or  post-neuritic  from  the  ophthalmoscopic  appearances  alone. 

Post-embolic  and  Post-thromhoiic  Atrophy.  These  are  distinguished 
by  the  obliteration  of  the  affected  vessels,  which  may  have 
shi'unk  to  white  bands  only  or  may  contain  a  small  visible  column 
of  blood,  and  by  a  certain  amount  of  change  usually  seen  at  the  yellow 
spot.  The  nature  of  post-embolic  atrophy  can  generally  be  deter- 
mined by  the  history  or  by  the  mode  of  onset  of  the  affection,  that  is 
by  its  absokite  suddenness. 
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Posl-retiniiic  Atrophy,  Waxy  Airophy,  Post-choroiditic  Atrophy.  The 
papilla  in  this  disease  appears  to  have  a  dirty  yellowish-red  color, 
the  vessels  are  narrowed,  and  there  are  signs  in  the  fundus  of  old  chor- 
oidal or  retinal  disease. 

In  glaucomatous  atrophy,  typical  glaucomatous  excavation  of  the 
disk,  where  the  vessels  disappear  at  the  margin  of  the  disk  and  are  dis- 
placed toward  the  nasal  side,  is  the  distinguishing  feature. 

Tumors  of  the  Optic  Nerve.  Tumor  of  the  optic  nerve  occurs 
rarely.  In  vol.  xix.  of  the  Transactions  of  the  Ophthalniological 
Society  of  the  United  Kingdom,  Buller  and  Marshall  found  only  130 
cases  recorded  in  literature.    The  greater  number  of  cases  occurred 


Fig.  256. 


Coloboma  of  optic  nerve. 


before  the  age  of  ten  years,  and  the  liability  to  the  disease  diminished 
with  age.  The  symptoms  of  the  affection  are  rapid  loss  of  sight,  for- 
ward and  outward  protrusion  of  the  eyeball  in  the  line  of  the  axis  of 
the  orbit,  little  or  no  limitation  of  movement,  and  no  pain.  (Fig.  256.) 
The  tumor  may  be  felt  in  some  cases  behind  the  eye.  The  seat  of  the 
growth  is  mostly  in  the  central  portion  of  the  optic  nerve,  and  it  is  not 
common  for  the  eye  to  be  involved.  The  kinds  of  gro^^d^h  found 
after  removal  have  been  gliomata  or  tumors  of  the  neuroglia,  sarco- 
mata, myxosarcomata  or  endotheliomata.  Tuberculous  tumors  have 
also  been  seen. 

Treatment.  1.  Removal  of  the  tumor  with  preservation  of  the  eye. 
This  may  be  done  by  dividing  the  external  rectus,  rotating  the  eye 
inward  and  removing  the  involved  optic  nerve,  replacing  the  eye  and 
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suturing  the  external  rectus;  the  external  wall  of  the  orbit  may  be 
removed  to  facilitate  access  to  the  tumor  (Kronlein's  operation). 

2.  Enucleation  of  the  eye  with  the  involved  nerve. 

3.  Exenteration  of  the  orbit. 

Having  to  deal  with  a  malignant  growth,  it  may  be  questioned 
whether  it  is  worth  trying  to  save  the  useless  eye,  which  is  a  great 
liindrance  to  the  easy  and  efficient  removal  of  the  tumor.  Having 
regard  to  the  life  of  the  patient,  it  is  wise  to  remove  the  growth  as 
widely  as  possible. 

Injuries  to  the  Optic  Nerve.  These  are  caused  most  frequently  by 
falls  on  the  head.  The  base  of  the  skull  is  fractured  and  the  optic 
nerve  is  ruptured  by  splinters  of  bone,  in  the  optic  foramen.  Sight 
may  be  lost  without  rupture  from  hemorrhage  into  the  sheath  of  the 
optic  nerve.  The  optic  nerve  is  sometimes  injured  by  foreign  bodies 
penetrating  the  orbit  without  the  eye  being  injured.  The  most  famil- 
iar instance  is  by  the  ferule  of  an  umbrella  or  walking-stick.  The 
optic  nerve  is  sometimes  divided  by  bullet  wounds  traversing  the 
orbit,  frequently  in  cases  of  attempted  suicide.  In  some  of  these 
cases' intra-ocular  hemorrhages  and  ruptures  of  the  choroid  have  been 
found,  although  the  track  of  the  bullet  was  far  removed  from  the  back 
of  the  eye.  After  rupture  blindness  comes  on  at  once;  if  the  papilla 
appear  to  be  pale'  immediately  after  the  injury,  the  nerve  has 
been  ruptured  in  front  of  the  entrance  of  the  central  retinal  artery. 
If  the  rupture  be  behind  this,  the  pallor  of  the  disk  may  not  come  on 
for  three  weeks  or  longer. 

Loss  of  Sight  after  Severe  Hemorrhages  may  result  from  optic 
nerve  atrophy:  it  may  come  on  from  surgical  or  post-partum  hemor- 
rhage. It  most  commonly  results  from  hemorrhage  from  the  intes- 
tinal tract;  at  first  there  may  be  oedema  of  the  retina  followed  by 
atrophy  of  the  nerve.  If  loss  of  sight  be  coming  on,  the  patient  should 
be  placed  in  a  horizontal  position  and  if  possible  intravenous  injections 
of  saline  solution  should  be  made  without  delay.  Sometimes  the  loss 
of  sight  comes  on  several  days  after  the  hemorrhage.  The  cause  of 
this  is  not  clear,  but  it  is  thought  by  Leber  to  be  due  to  hemorrhage 
into  the  sheath  of  the  nerve  creeping  forward  from  the  base  of  the 
skull.  In  some  cases  of  injury  the  blood  travels  forward  and  may 
be  seen  after  several  days  beneath  the  conjunctiva  and  even  in  the 
lids.  Treatment  should  be  rest  horizontally,  iron,  proper  feeding,  etc. 

Hyaline  Growths  in  the  Optic  Papilla.  Hyaline  nodules  growing 
from  the  lamina  vitrea  of  the  choroid  are  very  common.  In  rare 
cases  they  appear  on  the  disk  itself;  they  are  gray  nodules  clustered 
together,  generally  at  the  edge  of  the  disk.  They  do  not  as  a  rule  in- 
terfere with  vision,  and  no  treatment  is  called  for. 

Ocular  Signs  and  Symptoms  Attending  Diseases  of  the  Brain. 

Optic  neuritis  and  loss  of  sight  may  indicate  tumor  of  the  brain; 
they  are  of  value  as  showing  the  presence  of  a  tumor  only;  they  have 
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no  localization  value.  The  form  of  optic  neuritis  known  as  choked 
disk  is  the  one  which  commonly  attends  cerebral  tumor,  but  the  neu- 
ritis may  also  be  combined  with  retinitis  without  much  swelling,  and 
may  resemble  albuminuric  retinitis,  even  when  the  cause  is  an  intra- 
cranial growth.  In  case  of  doubt,  examination  of  the  urine  should  be 
made.  In  meningitis  and  hydrocephalus  optic  neuritis  may  also  be 
present.  Cysts  and  hemorrhages,  as  a  rule,  do  not  give  rise  to  ocular 
symptoms,  but  an  abscess  of  the  brain  may  do  so.  Optic  neuritis  in 
cerebral  tumor  occurs  early,  but  it  may  be  delayed  .or  it  may  not 
occur  at  all.  The  sight  may  be  unaffected  for  a  long  time,  but  the 
field  of  vision  soon  becomes  somewhat  contracted.  In  other  cases 
in  which  the  neuritis  is  axial,  loss  of  vision  in  the  form  of  a  central 
scotoma  may  occur  early.  Optic  neuritis  may  be  caused  by  a  tmiior 
of  any  size  in  any  part  of  the  brain.  Tumors  of  the  cerebellum  and 
at  the  base  of  the  brain  are  more  likely  to  produce  optic  neuritis 
than  tumors  in  other  parts,  probably  owing  to  pressure  on  the  veins 
of  Galen.  The  next  most  important  ocular  sign  in  disease  of  the 
brain  is  hemianopsia  or  loss  of  half  of  the  field  of  vision.  This  is 
due  to  a  disease  of  the  chiasm,  of  the  optic  tracts,  of  the  cortical  centre 
of  vision,  or  of  some  part  of  the  path  connecting  the  optic  tracts  wdth 
the  cortex  of  the  brain.  Local  disease  of  the  eye  producing  loss  of  half 
the  visual  field  is  not  included  under  the  name  of  hemianopsia.  When 
hemianopsia  occurs,  th(>  fiekls  are  usually  both  affected,  one-half  of 
each  field  being  normal,  the  other  half  being  blind.  The  dividing 
line  between  the  two  is  a  vertical  one  through  the  centre  of  the  fields, 
but  usually  turning  aside  a  little  at  the  fixation  point  in  each  eye  so  as 
to  leave  it  unaffected.  In  some  cases,  however,  it  goes  through  the 
fixation  point.  It  sometimes  happens  also  that  the  line  of  separation 
is  not  quite  vertical,  but  somew'hat  irregular,  so  that  the  seeing  half 
of  the  retina  passes  over  the  middle  line.  The  blind  part  is  generally 
absolutely  blind,  but  in  some  cases  color  perception  only  is  lost,  so 
that  we  have  a  condition  of  hemianopsia  for  colors  or  hemiachroma- 
topsia.  In  some  cases  the  defect  is  sectorial,  and  in  other  rare  cases 
it  is  the  upper  or  lower  halves  that  are  defective.  The  most  frequent 
form  is  one  in  which  the  corresponding  halves  in  each  eye  are  want- 
ing, for  instance,  the  right  half  of  each  field  may  be  blind,  implying 
the  loss  of  function  in  the  left  half  of  each  retina,  or  if  the  left  half  of 
the  field  be  blind  the  right  half  of  each  retina  will  be  functionless. 
This  is  called  homonymous  hemianopsia.  (Figs.  257  and  258.)  Many 
cases  of  double  homonymous  hemianopsia  have  been  described  due  to 
disease  of  the  cortical  visual  centres  in  each  hemisphere.  Most  of 
the  cases  have  begun  with  loss  of  vision  in  corresponding  halves  of 
each  eye,  followed  at  a  later  date  by  loss  of  vision  in  the  other  halves, 
whereby  total  blindness  was  produced.  In  a  few^  of  the  cases  the 
macula  was  left,  so  that  there  was  fairly  good  vision  while  looking 
ahead,  but  the  patients  had  no  power  of  directing  their  movements 
owing  to  the  small  size  of  the  visual  field  (loss  of  orientation).  Loss 
of  the  outer  halves  of  each  visual  field  or  loss  of  function  of  the  two 
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nasal  halves  of  the  retina  is  known  as  bitemporal  hemianopsia.  Nasal 
hemianopsia  is  blindness  of  the  inner  half  of  each  visual  field,  and 
is  due  to  a  want  of  function  on  the  temporal  side  of  each  retma.  To 
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explain  the  cause  of  the  hemianopsia  in  these  affections,  it  will  be 
necessary  to  go  over  afresh  the  course  of  the  visual  fibres  from  the 
retina  to  the  cortex  of  the  brain. 

The  nerve  fibres  from  the  corresponding  or  homonymous  halves  of 
each  retina — that  is,  from  the  nasal  half  of  the  right  and  the  temporal 
half  of  the  left  retina — pass  through  the  chiasma  and  unite  to  form 
the  left  optic  tract;  similarly  fibres  from  the  temporal  half  of  the  right 
and  nasal  half  of  the  left  retina  pass  tlii'ough  the  chiasma  to  form 
the  right  optic  tract.  The  fibres  from  each  tract  pass  into  the  basal 
ganglia,  the  optic  thalamus,  the  anterior  corpus  quadrigeminum, 
and  the  external  geniculate  body;  thence  through  the  posterior 
part  of  the  internal  capsule,  and  the  optic  radiations  to  the  visual 
centre.  This  is  situated  on  the  mesial  surface  of  the  occipital  lobe 
in  the  region  having  the  middle  part  of  the  calcarine  fissure  at  its 
centre. 

Lesions  of  the  Chiasma.  The  most  usual  sign  of  affections  of  the 
chiasma  is  bitemporal  hemianopsia.  This  is  due  to  involvement  of 
the  decussating  fibres  at  the  anterior  or  posterior  border  of  the  chi- 
asma. These  fibres  supply  the  nasal  halves  of  each  retina,  wliich 
are  consequently  blind.  The  affection  of  sight  begins  b}^  a  limitation 
of  the  outer  part  of  each  visual  field,  or  one-half  may  be  affected 
before  the  other,  according  to  the  position  of  the  lesion.  The  loss  of 
sight  may  for  a  time  be  only  a  color  blindness,  but  later  on  light  and 
form  sense  are  involved  also;  the  loss  goes  on  to  total  bitemporal 
hemianopsia.  In  many  of  the  cases,  owing  to  advance  of  the  disease, 
the  uncrossed  fibres  become  affected  too,  and  the  result  is  total  blind-, 
ness.  It  has  been  demonstrated  by  Nettleship  and  others  that  chi- 
asmal disease  frequently  begins  as  a  central  scotoma,  and  as  such  may 
be  mistaken  for  toxic  amblyopia.  It  is  believed  in  such  cases  that  the 
disease  starts  in  the  anterior  part  of  the  chiasma,  where  the  macular 
fibres  are  situated.  It  is  common  in  most  of  the  cases  to  have  a 
certain  diminution  in  central  vision.  The  optic  nerve  becomes  atro- 
phic, there  is  generally  great  headache,  sometimes  loss  of  mental 
power;  optic  neuritis  is  not  often  present.  Affections  of  the  outer 
side  of  the  chiasma  producing  nasal  hemianopsia  are  very  rare ;  hori- 
zontal hemianopsia  may  be  caused  by  pressure  on  the  chiasma  above 
or  below.  The  causes  of  chiasmal  disease  are  acromegaly,  tumors 
of  the  pituitary  body,  meningitis,  frequently  syphilitic,  periostitis 
of  the  body  of  the  sphenoid,  tubercular  masses,  syphilitic  gummata, 
cysts  and  exostoses,  and  hydrocephalus  produced  by  distention  of  the 
third  ventricle.  The  treatment  must  be  in  accordance  with  the  dis- 
covered cause.  Much  good  may  often  be  done  in  syphilitic  cases  by 
appropriate  treatment. 

Lesions  of  the  Optic  Tract.  The  characteristic  symptom  of  lesion 
of  the  optic  tract  is  homonymous  lateral  hemianopsia.  This  may  be 
complete  or  partial,  involving  only  a  quadrant  of  each  retina,  as  in  a 
case  related  by  Henschen,  in  which  there  was  a  defect  of  the  field  of 
vision  in  both  left  lower  quadrants,  caused  by  a  tumor  pressing  on  the 
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upper  part  of  the  right  optic  tract.  The  defect  may  be  relative  also— 
that  is  there  may  be  half-vision  for  color  only— form  and  light  percep- 
tion being  unaffected.  Owing  to  proximity  of  the  trunks  of  the  nerves 
at  the  base  of  the  brain,  there  may  be  paralysis  of  the  parts  supphed 
by  these  nerves  owing  to  pressure  from  a  tumor  of  the  tract.  Optic 
neuritis  may  be  present  in  locahzed  meningitis  or  in  tumor,  and 
primary  optic  atrophy  is  sometimes  met  with;  both  these  manifesta- 
tions are  often  more  marked  in  one  eye  than  in  the  other.  Homony- 
mous lateral  hemianopsia  is  shown  by  blindness  of  the  correspond- 
ing halves  of  the  retina,  for  instance,  the  temporal  half  of  the  left 
retina  and  the  nasal  half  of  the  right.    Wernicke's  sign  or  the  hemi- 
opic  pupil  is  frequently  present,  and  is  of  great  value  in  localizing  the 
seat  of  the  affection;  it  consists  in  the  fact  that  light  thrown  upon 
the  blind  half  of  each  eye  produces  no  pupil  reaction  at  all,  while 
light  thrown  upon  the  acting  half  of  each  retina  gives  rise  to  normal 
pupil  reaction.    Afferent  impulses  proceeding  centrally  from  the 
retina  are  interrupted  at  the  seat  of  the  disease  in  the  tract,  and  do 
not  pass  to  the  basal  ganglia  and  third  nerve  nucleus,  while  lesions  of 
the  visual  path  above  the  basal  ganglia  producing  homonymous 
hemianopsia  do  not  interfere  with  the  path  of  the  impulses,  which 
pass  from  the  retina  to  the  basal  gangUa  and  thence  to  the  third 
nerve  nucleus.  It  is  conceivable,  therefore,  that  there  might  be  sym- 
metrical lesions  in  the  hemisphere,  which  produced  double  homony- 
mous hemianopsia,  and  therefore  total  blindness  of  each  eye,  and  which 
yet  left  the  pupillary  light  reflex  unaffected.    The  hemianopic  pupil 
reaction  is  not  easy  to  obtain,  masmuch  as  it  is  difficult  to  keep  the 
light  passing  to  one  side  of  the  retina  from  illuminating  the  other  half 
to  a  certain  extent.    But  it  is  generally  possible  to  establish  a  differ- 
ence between  the  reflex  action  of  the  pupil,  when  light  is  cast  from 
opposite  sides  on  to  the  retina  in  diseases  of  the  tract.    (For  the 
method  of  applymg  the  test,  see  page  34.)     Symptoms  of  disease 
of  the  optic  tract  may  be  produced  by  the  pressure  of  tumors  of 
neighboring  parts,  of  the  temporosphenoidal  lobe,  optic  thalamus,  or 
crus  cerebri. 

Lesions  of  the  Basal  Ganglia  or  Primary  Optic  Ganglia,  External 
Geniculate  Body,  Optic  Thalamus,  and  Anterior  Corpus  Quadri- 
geminum.  These  ganglia  undergo  degeneration  after  removal  of  the 
eye;  also  after  lesion  of  the  occipital  lobe,  degeneration  can  be  traced 
down  to  them ;  they  are  therefore  in  the  direct  line  of  transmission  of 
impulses  from  the  eye  to  the  brain  cortex. 

External  Geniculate  Body.  All  the  fibres  of  the  optic  tract  enter 
the  external  geniculate  body,  and  a  lesion  here  always  gives  rise  to 
hemianopsia.  It  is  probable  also  that  its  upper  and  lower  parts  supply 
the  upper  and  lower  parts  of  the  retina,  respectively.  If  so,  homony- 
mous quadrant  hemianopsia  may  be  due  to  disease  of  the  external 
geniculate  body. 

Optic  Thalamus.  Lesions  of  the  posterior  part  of  the  optic  thala- 
mus, the  pulvinar,  have  in  many  cases  been  found  in  association  with 
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hemianopsia,  but  in  an  equal  number  of  cases  hemianopsia  has  not 
been  found.  It  is  probable  that  the  lesion  of  the  optic  thalamus 
itself  has  not  given  rise  to  hemianopsia  except  indirectly  from  press- 
ure on  the  optic  tract. 

Corpora  Quadrigemina.  It  is  not  certain  that  tumors  of  the  cor- 
pora quadrigemina  give  rise  to  loss  of  sight.  A  few  doubtful  cases 
have  been  recorded  in  which  there  was  blindness  from  lesions  in  this 
situation,  but  there  is  a  far  larger  nmiiber  of  cases  in  which  tumors 
of  the  corpora  quadrigemina  produced  no  bUndness  at  all.  (For 
oculomotor  affections  following  lesions  of  the  corpora  quadrigemina, 
see  page  180.) 

Lesions  of  the  Internal  Capsule.  The  course  of  the  visual  fibres 
from  the  external  geniculate  body  to  the  optic  radiation  is  not  yet 
known.  Fibres  are  traced  to  the  external  geniculate  body  through 
the  posterior  third  of  the  posterior  hmb  of  the  internal  capsule,  and 
it  is  asserted  that  a  lesion  of  this  part  of  the  internal  capsule  causes 
hemianopsia.  On  the  other  hand,  Henschen  has  shown  that  lesions 
of  this  part  do  not  necessarily  cause  heinianopsia,  and  that  when 
they  are  associated  with  it,  the  external  geniculate  body  or  the  optic 
tract  is  interfered  with  at  the  same  time. 

Lesions  of  the  Optic  Radiations.  It  is  unknown  with  accuracy 
how  large  a  portion  of  the  optic  radiations  is  occupied  by  the  visual 
fibres.  According  to  Henschen,  only  the  central  portion  is  so  occu- 
pied. Other  writers  agree  with  him  that  the  optic  radiations  contain 
many  other  fibres  than  visual  ones.  The  importance  of  this  lies  in 
the  fact  that  in  a  lesion  of  the  optic  radiation,  although  we  may  get 
hemianopsia,  we  get  also  other  symptoms,  which  may  aid  us  to  recog- 
nize the  lesion  and  to  distinguish  it  from  a  cortical  one.  A  subjective 
sensation  of  blindness  is  caused  by  a  lesion  of  the  radiations,  in  the 
form  of  positive  scotoma,  but  it  is  not  present  in  a  lesion  of  the  cortex. 
If  the  lesion  extends  bej^ond  the  visual  fibres,  various  other  symptoms 
are  present,  such  as  mind  blindness,  word  blindness  or  alexia, visual 
aphasia,  dyslexia,  amnesic  color  bUndness,  or  visual  hallucinations. 

Alexia  or  Word  Blindness.  In  this  affection  persons  are  unable 
to  read  words;  the  print  or  writing  is  perfectly  well  seen,  the  letters 
themselves,  except  in  rare  cases,  can  be  made  out,  but  the  power  of 
combining  them  is  entirely  lost.  The  patient  can  write  quite  well, 
but  is  unable  to  read  anjrthing  he  has  written  unless  he  is  allowed  to 
go  over  it  with  a  pen.  In  some  cases  even  individual  letters  cannot 
be  recognized,  but  figures  can  as  a  rule  be  read.  Word  blindness  may 
be  combined  with  an  inability  to  write. 

Alexia  with  Agraphia.  This  alexia  is  due  to  interference  with 
the  fibres  passing  from  the  visual  memory  to  the  speech  centre,  and 
has  a  distinct  localizing  value  as  the  lesion  has  been  recorded  from 
post-mortem  examination  in  five  cases  in  the  .left  occipital  lobe. 
Alexia  with  agraphia  is  thought  to  be  due  to  a  lesion  of  the  centre 
for  visual  memory  in  the  left  angular  gyrus.  The  association  of  alexia 
with  right  homonymous  hemianopsia  is  to  be  explained  by  the 
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nearness  of  the  visual  centre  and  paths  to  the  lesion  which  cause 

'^^^Duslexia.  In  this  affection  there  is  no  loss  of  sight,  but  a  simple 
inability  of  the  patient  to  read  continuously.  A  few  words  only  can 
be  read,  then  the  book  is  thrown  aside;  the  effort  may  be  repeated 
after  a  time,  but  power  of  continued  reading  is  absent.  In  most  cases 
dyslexia  has  been  associated  with  hemianopsia  and  other  cerebral 
sjanptoms.  It  is  caused  by  degeneration  of  the  cerebral  vessels  and 
generally  has  a  fatal  termination;  it  appears  to  have  little  value  as  a 
localizing  sign. 

Visual  Aphasia.  The  patient  cannot  remember  the  names  of  things 
seen  although  quite  familiar  with  the  things  themselves,  but  can  re- 
member their  names  if  he  can  recognize  the  things  by  some  other  sense 
than  that  of  sight,  as,  for  instance,  if  he  can  touch  them.  Conversa- 
tion of  patients  suffering  from  visual  aphasia  has  certain  well-marked 
pecuharities— the  general  avoidance  of  names  and  the  use  of  circmtous 
methods  of  speech,  in  order  to  make  up  for  the  defective  power  of 
expression.  Right  homonymous  hemianopsia  is  almost  always  pres- 
ent and  sometimes  alexia  and  agraphia.    The  lesion  is  beheved  to  be 

in  the  left  occipital  lobe.  ,  •    ^  • 

Loss  of  Color  Memory— Amnesic  Color  Blindness,  ihe  patient  is 
able  to  perceive  the  colors  and  to  match  them  correctly,  but  is  unable 
to  give  them  their  names.  This  has  always  been  found  associated 
with  right  homonymous  hemianopsia,  and  is  believed  by  Wilbrandt, 
who  described  it,  to  be  an  indication  of  disease  of  the  occipital  lobe  on 
the  left  side,  preventing  communication  between  the  color  centre  for 
vision  and  the  speech  centre.  ,      i    •  i 

Visual  hallucinations  sometimes  occur  m  the  blind  side  of  the 
field;  objects  are  seen  in  the  blind  area  which  are  not  m  view  at  all. 
This'is  thought  to  be  due  to  irritation  of  the  centre  for  visual  memory 
in  lhe  occipital  lobe,  but  a  case  has  been  published  by  de  Schweimtz 
in  which  hallucinations  occurred  in  the  blind  side  of  the  field,  due  to  a 
gumma  pressing  on  the  right  optic  tract.  Visual  hallucinations  are 
always  accompanied  by  right  homonymous  hemianopsia.  Hallucina- 
tions of  vision  due  to  focal  brain  disease  are  generally  associated  with 
other  signs  of  focal  brain  disease,  and  may  be  distinguished  from  other 
visual  hallucinations,  such  as  those  occurring  in  delirium  tremens  or 
fever,  by  their  occurring  in  the  blind  part  of  the  visual  field. 

Mind  Blindness  or  Visual  Amnesia.  The  sight  is  perfectly  good, 
intelligence  is  not  affected,  the  patient  is  able  to  read,  but  he  has  lost 
the  power  of  recognizing  objects  seen;  if  they  be  presented  to  him  by 
one  of  his  other  senses,  he  at  once  recognizes  them  People,  even  most 
intimate  friends,  are  not  recognized  by  their  appearance,  but  are 
known  at  once  when  they  begin  to  speak.  This  failure  is  due  to  a 
lesion  of  the  centre  for  visual  memory,  which  is  supposed  to  be  distinct 
from  the  visual  centre,  although  situated-  close  to  it  in  the  occipital 
lobe.  It  serves  for  the  storing  up  of  pictures  in  the  memory  of  ob- 
jects or  scenes  that  have  fallen  upon  the  retina,  and  whenever  a  picture 
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is  formed  on  the  retina  tiie  stores  of  the  visual  memory  centre  are 
brought  out  and  ransacked  for  comparisons  or  the  new  picture  is 
stored  away  for  future  use.  Homonymous  hemianopsia  is  present  in 
the  majority  of  cases  of  mind  bUndness.  It  occurs  in  persons  beyond 
middle  age,  when  the  lesion  has  been  found  to  be  hemorrhages,  soften- 
ings, or  tumors;  it  occurs  also  in  general  paralysis  of  the  insane. 

Lesions  Affecting  the  Cortical  Centre  of  Vision.  According  to 
the  most  recent  researches  of  Henschen,  th  s  lesion  is  placed  about  the 
middle  part  of  the  calcarine  fissure,  the  upper  edge  of  the  fissure  rep- 
resenting the  upper  homonymous  quadrants  of  the  retina  and  the 
lower  edge  of  the  fissure,  the  lower  homonymous  quadrants,  the  macula 
centre  lying  in  the  floor  of  the  fissure.  Other  .  bservers  think  the 
visual  centre  extends  much  more  widely,  even  covering  the  whole 
mesial  surface  of  the  occipital  lobe,  but  they  agree  in  giving  special 
importance  to  the  calcarine  fissure.  Destruction  or  lesion  of  the 
cortical  visual  centre  leads  to  absolute  blindness  of  the  corresponding 
halves  of  each  retina,  and  con.sequently  to  homonymous  hemianopsia 
of  the  opposite  half  of  the  field  of  vision.  If  the  lesion  be  confined  to 
the  cortex,  there  is  complete  absence  of  any  other  sign,  such  as  paraly- 
sis, antesthesia,  word  blindness,  mind  blindness,  visual  aphasia,  visual 
hallucinations,  and  the  hemianopic  pupil.  For  instance,  there  is  com- 
plete absence  of  sensation  in  the  blind  side  of  the  field,  but  the  patient 
is  not  conscious  of  the  defect  as  of  a  dark  area,  as  he  may  be  in  lesions 
of  other  parts  of  the  visual  path.  If  the  lesion  be  bilateral,  of  which 
many  cases  are  on  record,  the  symptoms  are  bilateral  homonymous 
hemianopsia,  which  means  complete  loss  of  vision.  In  small  lesions 
less  than  half  the  homonymous  fields  may  be  lost  and  partial  periph- 
eral or  more  rarely  scotomatous  defects  may  be  left.  But  these  par- 
tial homon5mious  defects  should  be  used  with  caution  for  localizing 
purposes,  as  homonymous  peripheral  contractions  of  the  fields  of  vision 
are  found  in  patients  without  lesion  of  any  part  of  the  visual  path. 
Sometimes  the  blindness  is  incomplete — that  is,  perception  of  light  may 
be  retained  in  the  blind  part  of  the  field  In  other  slighter  cases  again 
only  the  color  sense  in  that  half  of  the  field  may  be  lost  (hemiachro- 
matopsia),  light  and  form  sense  being  perfect  Various  degrees  of 
loss  may  be  present  in  different  parts  of  the  affected  fields.  It  is 
unknown  whether  the  centre  for  colors  is  different  from  those  for  form 
and  light,  or  whether  the  different  colors  have  separate  cells  devoted 
to  them;  but  there  are  cases  on  record  of  homonymous  hemianopic 
losses  of  perception  of  one  color  which  would  give  support  to  tliis 
view.  Probably  there  are  not  separate  centres  for  light,  form,  and 
color,  but  a  loss  of  the  latter  indicates  a  less  serious  injury  to  the 
centre  than  when  its  other  functions  are  lost.  It  has  been  stated  that 
in  most  cases  the  dividing  line  between  the  two  halves  of  the  fields  is 
not  a  perfectly  vertical  one,  but  that  it  deviates  so  as  to  include  the 
whole  of  the  fixation  point  in  each  seeing  half  of  the  field.  Two  expla- 
nations may  be  given  of  this:  (1)  That  the  whole  of  the  macular 
region  of  each  eye  is  represented  in  the  visual  centre  of  each  side,  so 
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that  each  macula  has  a  double  nerve  supply,  and  if  one  visual  centre 
is  destroyed,  it  still  retains  its  nerve  supply  to  the  visual  centre 
of  the  opposite  side.  (2)  The  other  explanation  given  for  retention 
of  the  whole  central  vision  in  lesion  of  one  visual  centre  is  that  tne 
centre  for  the  macula  in  the  cortex  is  more  vascular  than  the  rest  of 
the  visual  centre,  and  receives  nutrition  from  anastomoses  even  when 

parts  around  are  cut  off.  ,       .      i  •  t.      •  i 

It  has  been  supposed  by  some  writers  that  there  is  a  higher  visual 
centre  in  the  angular  gyrus  in  which  the  whole  of  the  opposite  held 
of  vision  is  represented,  that  of  the  same  side  being  also  represented, 
but  in  a  lesser  degree  of  intensity.  Lesion  of  this  centre  is  said  to  cause 
amblyopia  of  the  opposite  eye  by  lowering  the  function  of  the  whole 
retina  and  reducing  the  size  of  the  visual  field  generally,  without  pro- 
ducing hemianopsia  (crossed  amblyopia).  It  also  produces  a  slight 
constriction  of  the  field  of  vision  of  the  same  side.  Ferrier  s  experi- 
ments on  animals  support  the  view  of  the  existence  of  a  centre  for 
vision  in  the  angular  gyrus,  but  the  evidence  in  favor  of  it  m  man  is 
very  slight,  and  many  writers  do  not  believe  in  the  existence  of  crossed 
amblyopia. 


CHAPTER  X. 


DISEASES  OF  THE  CRYSTALLINE  LENS. 
By  EDWARD  C.  ELLETT,  M.D. 

Anatomy.  The  cr3^stalline  lens,  or,  as  it  is  commonly  called,  the 
lens,  is  a  biconvex  transparent  body  which  lies  in  the  anterior  por- 
tion of  the  eye,  and,  together  with  its  suspensory  ligament,  serves 
to  separate  the  vitreous  chamber  behind  from  the  aqueous  chambers 
in  front.    (Fig.  259.)    The  posterior  surface  is  the  more  convex. 


Fia.  259. 

Coinea 

\  Anterior  Chamber 


The  anterior  segment  of  the  eye.   (Modified  from  Gray's  Anatomy.) 


The  lens  is  composed  of  a  harder  central  portion  known  as  the  nucleus, 
and  a  softer  outer  portion  known  as  the  cortex.  The  boundary  line 
between  these  two  portions  is  not  sharply  defined,  the  nucleus  deriv- 
ing its  greater  density  from  a  process  which  consists  essentiall}'^  in 
a  loss  of  fluid,  and  this  being  a  progressive  process  the  nucleus  in- 
creases in  size  at  the  expense  of  the  cortex  in  proportion  to  the  age 
of  the  individual.  The  nucleus  has  a  yellowish  color  as  compared 
to  the  cortex,  and  also  a  greater  refractive  power.  In  elderly  per- 
sons these  properties  frequently  make  the  lens  as  seen  through  the 
pupil  present  a  grayish  or  opaque  appearance,  due  to  increased 
reflection  of  light  from  the  surface  of  the  lens  (increased  lens  reflex), 
and  this  may  be  mistaken  for  opacity  of  the  lens,  although  the  vision 
is  not  impaired  by  it,  and  examination  with  reflected  light  (ophthal- 
moscope) shows  the  lens  to  be  perfectly  clear. 

(  474) 
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The  lens  is  composed  of  prismatic  fibres  joined  together  by  a  small 
amount  of  cement  substance.    (Fig.  260.)    These  prismatic  fibres 


Fig.  260. 


Normal  lens  tibres  cut  lougiiudinally.  X  100.  (Prepared  by  Dr.  E.  S.  Thomson,  in  ihe  laboratory 
of  the  Manhattan  Eye  and  Ear  Hospital.) 

are  elongated  epithelial  cells,  and  are  arranged  in  bundles,  these 
bundles  being  so  placed  that  their  lines  of  union  form  a  stellate  figure 

Fig.  261. 


Sectors  In  crystalline  lens.  (Testut.) 


radiating  from  the  centre  of  each  surface  of  the  lens,  and  often  visible 
on  oblique  illumination  in  the  normal  eye.    (Fig.  261.)  Besides 
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the  nucleus  and  cortex,  we  distinguish  the  poles  of  the  lens;  that  is, 
the  centre  of  its  anterior  and  posterior  surfaces,  known  respectively 
as  the  anterior  and  the  posterior  poles.  The  circumference  of  the  lens 
is  known  as  the  equator. 

The  average  size  of  the  lens  is  9  mm.  in  diameter  and  4  mm.  in 
thickness  at  the  central  or  thickest  part.  From  the  centre  it  slopes 
away  gradually  until  the  two  surfaces  meet  at  the  thin  edge  or  equator. 

The  lens  is  enclosed  in  a  delicate  structureless  lining  membrane 
of  perfect  transparency,  known  as  the  capsule.  This  is  divided  into 
two  portions :  that  on  the  anterior  face  being  called  the  anterior 
capsule,  that  on  the  posterior,  the  posterior  capsule.  The  anterior 
capsule  is  lined  on  its  lenticular  surface  with  a  layer  of  epithelial  cells, 
from  which  new  lens  fibres  are  developed. 

The  lens  rests  in  a  cup-shaped  cavity  of  the  vitreous,  called  the 
fossa  patellaris,  or  hj^aloid  fossa.  In  front  it  is  separated  from  the 
pupillary  border  of  the  iris  by  a  thin  layer  of  the  aqueous  humor, 
this  layer  being  so  thin  that  the  ]DU])illary  border  of  the  iris  and  the 
anterior  lens  capsule  may  be  considered  as  being  in  contact.  The 
lens  is  held  in  place  by  its  suspensory  ligament,  called  the  zone  of 
Zinn.  This  is  a  fibrous  structure  which  arises  from  the  pars  ciliaris 
retinse  as  far  back  as  the  ora  serrata,  the  surface  of  the  ciliary  body, 
and  the  ciliary  jjrocesses.  It  leaves  the  wall  of  the  eye  at  the  ciliary 
processes,  and  divides  into  two  layers,  an  anterior  and  a  posterior, 
which  unite  ^^'ith  the  anterior  and  posterior  portions,  respectively, 
of  the  lens  capsule.  The  space  between  these  two  layers  of  the 
suspensory  ligament  is  known  as  the  circumlental  space,  or  canal  of 
Petit,  and  is  more  or  less  completely  divided  into  two  parts  by  a 
deUcate  septum  running  from  the  ciliary  processes  to  the  equator 
of  the  lens.  The  anterior  layer  of  the  suspensory  ligament  presents 
numerous  small  openings  whereby  the  canal  of  Petit  communicates 
with  the  posterior  chamber,  both  being  lymph  spaces  and  both  con- 
taining aqueous  humor.    (Fig.  259.) 

The  lens  is  an  elastic  body  capable  under  certain  conditions  of 
changing  its  shape,  as  is  described  in  the  account  of  the  function  of 
accommodation. 

The  lens  does  not  contain  any  bloodvessels,  but  derives  its  nutri- 
tion by  imbibition  from  the  fluids  surrounding  it.  The  absence  of 
bloodvessels  prevents  it  from  presenting  phenomena  of  inflamma- 
tion, and  the  way  in  which  it  is  nourished  explains  why  inflammatory 
conditions  of  the  choroid  exert  a  deleterious  influence  on  it. 

Embryology.  Very  early  in  the  development  of  the  embryo  the 
outer  layer,  or  epiblast,  is  thrown  into  a  longitudinal  dorsal  furrow 
whose  sides  close  over  to  form  a  tube,  the  medullary  tube.  From 
the  anterior  end  of  this  tube  are  thrown  out  processes  on  each  side, 
called  the  primarj'-  optic  vesicles.  Each  of  these  vesicles  is  con- 
verted into  a  cup  by  the  anterior  wall  receding  against  the  posterior 
wall.  The  layer  of  epiblast  over  this  cup-shaped  cavity  thickens, 
dips  into  the  cup,  and  this  portion  gradually  becomes  cut  ofi"  from 


DISEASES  OF  THE  CRYSTALLINE  LENS. 


477 


the  rest  of  the  epiblast  and  forms  an  isolated  mass  of  epiblastic  tissue 
yfng  n  the  cup  of  the  optic  vesicle.  From  this  mass  of  issue  the 
eis  develops.  This  mass  of  epiblastic  cells  is  composed  roughly 
of  two  iVS  of  cells,  an  anterior  and  a  posterior.  From  the  posterior 
layer  by  a  process  of  elongation,  the  lens  fibres  are  formed,  the 
Xior  kyer  of  cells  remaining  as  a  thin  layer  of  cells  just  under 
the  anterior  capsule.  From  the  most  equatorially  situated  of  tl^se 
cells  additional  lens  fibres  develop.  The  ens  attains  its  fulL.gr owth 
about  the  eighteenth  year,  after  which  time  the  formation  of  new 
fibres  continues  much  more  slowly,  at  a  rate  to  compensate  for  the 
diminution  in  size  of  the  central  portion  from  contraction. 

It  will  be  seen  that  at  one  time  the  rudimentary  lens  occupies 
nearly  the  whole  of  the  rudimentary  eyeball.  _  At  the  time  of  birth, 
however,the  lens  has  become  reduced  to  almost  its  normal  relative  size, 
although,  as  stated,  further  changes  occur  until  the  eighteenth  yea^^^ 

The  leAs  capsule  is  developed  from  a  layer  of  niesoblastic  tis  ue 
which  surrounds  the  plug  of  epiblastic  tissue  when  it  grows  into  the 
optic  cup  to  form  the  lens. 


Fig.  262. 


Fig.  263. 


Fig.  264. 


Kidney-shaped  lens,  coloboma  Inward. 
(Baas.) 


Lenticonus  anterior. 
(Webster.) 


Dislocation  of 
the  lens. 


Congenital  Anomalies.  Congenital  anomalies  of  the  lens  may 
affect  its  size,  shape,  position,  and  transparency. 

Anomalies  of  Size.  Congenital  absence  of  the  lens  (aphakia)  has 
been  noted  a  few  times.    It  results  either  from  arrest  of  development 

or  from  disease.  ,  i  ^ 

The  lens  varies  in  size  at  different  ages.    The  only  anomaly  of  size 
usually  recognized  is  that  in  which  the  lens  is  too  small  (microphakia) 
There  is  often  a  relaxation  or  absence  of  the  suspensory  ligament  at 
the  same  time,  which  permits  the  lens  to  change  its  position. 

Anomalie.?  of  shape  are  of  two  sorts:  (1)  coloboma  lentis,  and 

(2)  lenticonus.  .      ,  .  , 

"  Coloboma  of  the  lens  is  the  name  applied  to  a  condition  in  which 
the  edge  of  the  lens  presents  at  some  point,  usually  downward,  a 
locaUzed  flattening  or  a  distinct  notch.  (Fig._  262.)  It  is  due  to 
an  arrest  of  development.  This  appearance  varies  m  shape  and  posi- 
tion and  while  usually  single,  the  edge  of  the  lens  may  be  notched 
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in  several  places,  or  serrated.  This  anomaly  is  often  associated  with 
coloboma  of  the  iris  and  choroid. 

Lenticonus  is  a  condition  in  which  a  more  or  less  pointed  projection 
exists  on  the  anterior  or  posterior  surface  of  the  lens.  (Fig.  263.) 
The  projection  is  transparent  as  a  rule,  but  an  opacity  may  exist  at 
its  apex.    The  cause  is  obscure. 

Anomalies  of  posiiion  are  grouped  under  the  name  of  ectopia 
lentis  or  displacements  of  the  lens.  Except  in  the  rare  cases  where 
there  is  an  arrest  of  development  of  the  whole  organ  and  the  lens 
remains  in  its  foBtal  position  in  the  vitreous  chamber,  the  dislocation 
occurs  in  the  direction  of  the  equator,  and  is  due  to  faulty  develop- 
ment and  consequent  weakness  of  some  part  of  the  suspensory  liga- 
ment. This  weakness  generally  exists  in  the  lower  part  of  the  eye 
in  the  position  of  the  foetal  cleft,  and  the  dislocation  is  in  the  opposite 
direction;  that  is,  upward  and  inward  or  upward  and  outward.  (Fig. 
264.)  The  whole  ligament  may  be  absent,  permitting  the  lens  to 
pass  through  the  pupW  and  lie  in  the  anterior  chamber.  This  con- 
dition is  usually  bilateral  and  synunetrical,  but  may  be  unilateral. 
It  is  also  frequently  hereditary,  when  the  anomaly  is  found  in  suc- 
cessive generations  of  a  family.  The  displacement  varies  much  in 
degree,  so  that  the  patient  may  see  either  through  the  lens  or  through 
the  part  of  the  pupil  which  contains  no  lens,  or,  according  to  the 
position  of  the  head,  either  through  the  lens  or  unobstructed  pupil 
at  will.  The  lens  is  at  first  clear,  and  remains  so  in  the  majority  ot 
cases,  but  may  become  opacjuc  in  time.  Sometimes  it  is  fixed  in  its 
abnormal  position,  and  sometimes  freely  movable,  depending  on  the 
condition  of  the  suspensory  ligament. 

The  treatment  of  ectopia  lentis  may  often  be  satisfactorily  con- 
ducted by  means  of  correcting  lenses.  If  the  dislocated  lens  is  so 
situated  as  to  allow  vision  always  through  that  body,  or  always 
through  the  unobstructed  pupil,  glasses  to  correct  the  refraction, 
concave  as  a  rule  in  the  former  case  and  strongly  couA^ex  in  the  latter 
(just  as  in  aphakia),  will  often  give  useful  vision.  In  other  cases 
it  will  be  impossible  to  secure  satisfactory  vision  in  this  way,  and 
the  lens  must  be  removed  by  the  operation  of  solution,  to  be  described 
later.  This  treatment  results  in  absorption  of  the  lens,  leaving  the 
eye  aphakic,  and  requiring  strong  convex  glasses,  as  will  be  men- 
tioned in  considering  the  treatment  of  cataract.  AA^iere  the  lens  be- 
comes opaque,  it  is  usually  advisable  to  remove  it  by  the  same  means. 

Anomalies  of  transparency  include  the  various  forms  of  congenital 
cataract.  These  are:  1.  Anterior  polar  cataract.  2.  Posterior  polar 
cataract.  3.  Lamellar  or  zonular  cataract.  A  detailed  description 
of  these  and  the  method  of  treating  them  will  be  given  in  consider- 
ing the  subject  of  opacities  of  the  lens. 

Wounds  and  Injuries.  Injuries  to  the  lens  are  of  two  kinds :  First, 
the  lens  is  displaced  from  its  normal  position,  constituting  traumatic 
luxation  of  the  lens.  Second,  the  lens  is  the  seat  of  a  penetrating 
wound  which  is  usually  followed  by  traumatic  cataract. 
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Traumatic  displacements  of  the  lens  are  the  result  of  injuries  to  the 
suspensory  ligament.    The  displacement  may  be  partial  or  complete. 

Partial  displacements  of  the  lens  (subluxation)  result  from  an 
iniury  whose  effect  is  so  localized  as  to  rupture  only  a  portion  ol  the 
suspensory  ligament,  and  without  leaving  its  normal  position  the 
edcre  of  the  lens  nearest  the  seat  of  rupture  tilts  forward,  causing 
astigmatism  and  consequent  disturbance  of  vision.  The  lens,  as  a 
rule  in  these  cases,  remains  transparent,  and  the  treatment  ponsists 
in  correcting  the  resulting  astigmatism  by  glasses  Considerable 
spontaneous  improvement  may  occur,  or  the  lens  may  become  opaque, 
when  it  is  dealt  with  as  if  the  opacity  resulted  from  other  than  trau- 


Fig.  265. 


Lens  luxated  upon  the  ciUary  body.  The  lens  is  I'ecoming  cataractous  and  is  bound  down  by 
ebrous  tissue.  From  an  eye  which  caused  sympathetic  irritation  in  the  fellow  e  e  X  15.  (Prt 
pared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 

matic  causes.  (Fig.  265.)  The  lens  may  in  its  new  position  cause 
so  much  inflammatory  disturbance  as  to  result  m  the  loss  oi  the  eye. 

Complete  dislocation  of  the  lens  follows  an  injury  which  causes 
complete  rupture  of  the  suspensory  ligament,  thus  permitting  the 
lens  to  leave  its  bed  entirely.  The  capsule  of  the  lens  generally 
not  ruptured.  The  dislocation  may  occur  m  one  of  several  directions . 
1.  Forward  into  the  anterior  chamber.  2  Backward  into  the  vit- 
reous chamber.  3.  Through  a  rupture  in  the  coats  of  the  eyeball 
into  the  capsule  of  Tenon  or  under  the  conjunctiva.  Owing  to  the 
elasticity  of  the  latter  membrane,  it  will  sometimes  not  yield  to  an 
injury  which  ruptures  the  sclerotic,  choroid,  and  retina,  and  the  lens 
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passing  through  a  rupture  in  these  coats  lodges  under  the  conjunctiva, 
which  stretches  to  accommodate  it. 

The  symptoms  of  dislocation  of  the  lens  are,  in  the  first  place,  dim- 
ness of  vision.  By  removal  of  the  lens  from  an  eye  whose  refraction 
is  hyperopic  or  moderately  myopic,  rays  of  light  are  no  longer  focused 
on  or  sufficiently  near  the  retina  to  permit  of  clear  vision.  Other 
conditions  which  result  from  the  injury  may  also  contribute  to  cause 
dimness  of  vision,  such  as  vitreous  hemorrhages,  rupture  of  the 
choroid,  hemorrhage  into  the  anterior  chamber,  etc.  There  are  two 
conditions  in  which  dislocation  of  the  lens  would  cause  improvement 
instead  of  deterioration  of  vision.  These  are  when  the  lens  is  opaque 
and  when  the  eye  is  highly  myopic.  In  both  of  these  conditions 
operations  for  the  removal  of  the  lens  are  resorted  to  for  the  purpose 
of  improving  vision,  by  removing  a  mechanical  obstruction  to  sight 
in  the  first  instance,  and  by  changing  the  refraction  of  the  eye  in  the 
second  instance. 

If  the  lens  is  dislocated  into  the  anterior  chamber,  it  can  be  seen 
as  a  clear  or  opaque  disk,  as  the  case  may  be,  in  this  position.  (Fig. 
266.)    If  clear,  the  iris  and  pupil  can  be  seen  through  it.    It  is  apt 


to  excite  inflammation  in  the  eye,  and  invariably  does  so  in  that 
part  of  the  cornea  with  which  it  is  in  contact.  It  may  also  cause 
glaucoma.  It  should  be  removed  from  the  eye  by  solution  or  extrac- 
tion. 

If  dislocated  into  the  capsule  of  Tenon,  which  is  very  rare,  or 
under  the  conjunctiva,  the  lens  can  be  seen  in  its  new  position,  and 
its  absence  from  its  normal  position  is  indicated  by  the  fact  that  the 
refraction  of  the  eye  is  liighly  hyperopic  and  the  catoptric  images 
cannot  be  seen.  If  not  itself  disturbed  by  the  injury,  the  iris  is  seen 
to  be  tremulous  on  movement  of  the  eye,  because  it  no  longer  has  its 
normal  support  behind.  The  gravity  of  this  condition  does  not 
pertain  to  the  lens  or  its  new  position,  but  to  the  rupture  of  the  coats 
of  the  eye,  and  varies  with  the  site  and  extent  of  this  rupture. 

The  lens  may  be  left  alone.  If  it  is  deemed  advisable  for  any 
reason  to  extract  it,  this  should  not  be  attempted  until  the  scleral 


Fill.  206. 


Opaque  lens  dislocated  into  tlie  anterior  chamber. 
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wound  has  healed,  as  we  would  otherwise  convert  a  snnple  scleral 
wound,  to  borrow  an  analogy  from  general  surgery,  into  a  compound 
one  and  through  this,  protrusion  of  the  other  coats  or  ocular  con- 
tents may  occur,  adding  greatly  to  the  gravity  of  the  injury.  When 
the  scleral  wound  has  healed,  the  lens  may  be  removed  through  an 
incision  through  the  conjunctiva  (and  capsule  of  Tenon  when  neces- 
sary), placed  as  far  as  possible  from  the  scleral  scar. 

Dislocation  into  the  vitreous  chamber  is  by  far  the  most  common 
form  of  traumatic  dislocation.    The  lens  loosened  from  its  attach- 
ments sinks  downward  and  backward  into  the  vitreous,  where  it 
may  be  made  to  rise  and  be  seen  through  the  pupil  by  up-and-down 
movements  of  the  ball  similar  to  those  practised  for  the  study  of 
opacities  in  the  vitreous  (ocular  ballottement) .    It  was  formerly 
the  custom  to  treat  cataract  by  depressing  the  lens  downward  and 
backward  into  the  vitreous,  and  we  have  abundant  records  of  the 
effect  of  this  form  of  dislocation.    Sooner  or  later  the  lens,  acting 
as  a  foreign  body,  will  excite  inflammatory  and  degenerative  changes 
in  the  vitreous,  choroid,  or  retina,  which  destroy  or  greatly  impair 
the  sight.    It  may  also  cause  glaucoma.    For  these  reasons  this 
method  of  treating  cataract  has  been  abandoned,  and  for  these  reasons 
it  is  desirable  to  remove  the  lens  from  the  vitreous  if  possible.  The 
operation  is  dangerous  on  account  of  the  tendency^  of  the  vitreous 
to  escape  from  the  eye  when  an  incision  is  made  into  the  cornea. 
The  lens,  too,  is  far  from  the  corneal  incision,  and  must  usually  be 
brought  forward  by  means  of  a  delicate  wire  loop.    To  facilitate  the 
capture  of  the  lens,  it  has  been  suggested  to  operate  with  the  patient 
lying  face  downward,  this  favoring  the  seeking  by  the  Jens  of  its  nat- 
ural position,  or  the  lens  may  be  coaxed  into  this  position  and  fixed 
there  by  a  two-pronged  needle  or  bident  thrust  into  the  eye  through 
the  sclerotic  behind  the  ciliary  process,  and  thus  behind  the  lens, 
which  it  holds  in  place  by  pressure.    The  steps  in  the  removal  of 
the  lens  will  be  sufficiently  detailed  in  speaking  of  the  treatment  of 
cataract.  .  , 

In  whatever  position  the  lens  may  be  dislocated,  it  almost  invariably 
becomes  opaque  sooner  or  later. 

Wounds  of  the  Lens  and  Traumatic  Cataract.  It  is  very  nearly 
true  that  a  wound  of  the  lens  means  traumatic  cataract;  but  trau- 
matic cataract  may  be  due  to  other  injuries  than  wounds  of  the  lens. 
In  other  words,  traumatic  cataract  may  occur  without  rupture  of 
the  lens  capsule.  This  is  not  common,  but  it  has  been  observed 
that  contusions  and  concussions  of  the  eye  may  be  followed  either 
immediately,  or  after  some  days  or  weeks,  by  the  formation  of  opaci- 
ties in  the  lens.  These  opacities  may  be  stationary  or  progressive, 
although  there  is  very  seldom  any  clearing  up  of  them  observed,  and 
it  is  certainly  not  to  be  expected.  This  form  of  lenticular  opacity 
is  more  apt  than  any  other  to  remain  stationary,  or  if  it  progresses 
it  does  so  at  a  slow  rate.  The  prognosis  to  the  eye  from  this  form  of 
cataract,  per  se,  is  therefore  good.    Progressive  opacities  of  this 
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character  require  removal  of  the  lens  by  operation,  either  by  extrac- 
tion or  by  solution.  The  choice  between  these  methods  will,  as  a 
■rule,  depend  on  the  consistency  of  the  lens  as  estimated  by  the  age 
of  the  patient,  solution  being  adapted  to  patients  under  twenty- 
five  or  thirty  years,  and  extraction  to  patients  over  that  age. 

We  take  advantage  of  the  possibility  of  causing  opacity  of  the  lens 
by  contusion  without  rupture  of  the  capsule  in  the  operation  of 
massage  of  the  lens,  which  is  sometimes  performed  to  hasten  the 
maturation  of  a  cataract,  to  be  described  later. 

Traumatic  cataract  from  rupture  of  the  capsule  of  the  lens  usually 
results  from  a  penetrating  wound.  The  formation  of  this  variety 
of  traumatic  cataract  depends  on  the  fact  that  if  the  aqueous  humor 
comes  in  contact  with  the  fibres  of  the  crystalline  lens  it  causes  them 
to  swell  and  become  opaque,  and  in  time  completely  dissolves  the 
lens  after  it  has  undergone  the  process  of  swelling  and  opacification. 


Fig.  267. 


Traumatic  cataract,  sliowing  splitUng  up  of  fibres  and  formation  of  spherical  masses.  There  are 
numerous  swollen  fibres  which  show  transverse  striations.  X  100.  (Prepared  by  Dr.  E.  S.  Thomson, 
in  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 

(Fig  267  )  Rupture  of  the  capsule  and  traumatic  cataract  may 
result  from  a  contusion  of  the  eye,  but  for  the  purpose  of  study  the 
process  is  observed  best  where  it  follows  the  operation  of  needling 
the  lens  Here  a  wound  is  made  in  the  capsule  and  lens  mth  a 
needle  thrust  through  the  cornea.  By  oblique  illumination  and  a 
magnifying  lens  the  rent  in  the  capsule  can  be  seen  at  once;  but  the 
track  of  the  wound  in  the  substance  of  the  lens  is  not  usually  visible 
for  several  hours.  As  the  aqueous  gains  access  to  the  lens  through 
the  rent  in  the  capsule,  the  portions  nearest  the  opening  become 
opaque  and  swollen,  and  are  apt  to  be  extruded  into  the  anterior 
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chamber  as  there  is  not  room  for  them  in  their  swollen  condition 
within  the  capsule.  We  can  thus  find  one  or  more  masses  of  opaque 
lens  matter  lying  in  the  anterior  chamber.  The  process  continues, 
more  and  more  of  the  lens  breaking  down  and  being  pushed  out  into 
the  anterior  chamber.  Sometimes  when  the  wound  of  the  lens  is 
small  the  aqueous  humor  filters  in  along  the  wound  path,  and  finds 
its  way  from  this  along  the  interspaces  between  the  lens  fibres,  show- 
ing as  beautiful  festoons  of  opaque  lines,  sometimes  resemblmg  the 
skein  figures  seen  in  the  process  of  karyokinesis. 

In  the  process  as  described,  the  absorption  of  the  lens  is  supposed 
to  advance  in  a  gradual  way  to  its  completion.  It  very  often  hap- 
pens that  the  wound  in  the  capsule  is  so  large  that  a  considerable 
portion  of  the  lens  is  subjected  to  the  influence  of  the  aqueous,  and 
becomes  swollen  at  once.-  In  this  case  the  augmentation  of  the 
intra-ocular  contents  is  so  great  that  the  tension  is  increased  and 
glaucomatous  symptoms  appear. 

Penetrating  wounds  of  the  lens  are  necessarily  complicated  by  a 
wound  of  some  coat  of  the  eye,  generally  the  cornea,  through  which 
the  wounding  body  reaches  the  lens.  Frequently  the  iris  is  also 
wounded,  and  the  offending  substance  may  go  through  the  lens  to 
the  deeper  parts  of  the  eye.  The  wound  may  be  so  extensive  that 
the  injury  to  the  lens  becomes  oi  minor  importance  compared  with 
the  serious  natm-e  of  the  injury  to  other  structures. 
■  We  have  spoken  only  of  traumatic  cataract  resulting  from  the 
action  of  the  aqueous  humor.  In  a  few  cases  it  has  been  observed 
that  the  posterior  capsule  alone  was  ruptured,  and  opacity  of  the 
lens  resulted  from  the  action  of  the  vitreous  humor.  The  action  of 
the  vitreous  in  this  respect  is  very  much  less  intense  and  rapid  than 
that  of  the  aqueous,  but  it  should  be  remembered  that  traumatic 
cataract  may  follow  a  rupture  of  the  posterior  capsule. 

Where  the  injury  is  wrought  by  a  small  foreign  body,  this  some- 
times lodges  in  the  lens.  Its  principal  effect  is  the  production  of 
cataract,  the  presence  of  the  foreign  body  adding  very  little  to  the 
gravity  of  the  case.  Even  if  the  foreign  body  is  infected,  the  lens 
being  peculiarly  resistant  to  infection  from  pathogenic  germs,  sup- 
puration in  the  eye  does  not  necessarily  follow. 

When  the  wound  of  the  capsule  is  small,  it  may  close  so  quickly 
and  so  completely  after  the  wound  is  made  that  the  lens_  substance 
is  not  exposed  to  the  action  of  the  intra-ocular  fluids.  This  is  analo- 
gous to  the  manner  in  which  the  corneal  wound  closes  behind  the 
needle  in  the  operation  of  discission,  and  the  aqueous  humor  does 

not  escape.  ,  ,     ,  . 

A  rare  form  of  traumatic  cataract  is  that  caused  by  heating  ot 
the  aqueous  humor  in  applying  the  actual  cautery  to  the  cornea  in 
certain  diseases  of  that  membrane. 

Treatment.  The  treatment  of  traumatic  cataract  consists,  in  the 
first  place,  in  an  effort  to  secure  mechanical  and  surgical  cleanliness 
of  the  wound  on  the  surface  of  the  eye.    Any  protruding  portions 


484 


THE  EYE. 


of  iris  or  other  of  the  ocular  contents  are  replaced  or  excised  and  the 
conjunctival  sac  flushed  with  a  mild  antiseptic  solution.  This  part 
of  the  treatment  is  dealt  with  in  detail  under  the  head  of  Wounds  of 
the  Cornea  and  Iris.  Atropine  is  instilled,  and  the  patient  put  to 
bed.  The  object  of  the  atropine  is  to  place  the  eye  at  rest,  and,  by- 
withdrawing  the  iris  into  the  periphery  of  the  anterior  chamber,  to 
allow  room  for  the  swelling  of  the  lens.  The  solution  generally 
used  is  of  the  strength  of  four  grains  of  sulphate  of  atropine  to  the 
ounce  of  distilled  water,  the  solution  and  dropper  being  sterilized. 
It  is  a  good  plan  to  incorporate  some  non-irritating  antiseptic,  such 
as  boric  acid,  with  the  solution;  otherwise  it  is  difficult  to  keep  the 
solution  sterile,  as  the  receptacle  containing  it  is  frequently  opened 
and  the  solution  exposed  to  the  air.  A  light  antiseptic  dressing 
and  bandage  are  applied,  at  least  until  the  external  wound  has 
closed. 

If  reaction  is  excessive,  it  is  controlled  best  by  the  application  of  ice 
compresses  and  the  internal  administration  of  calomel  in  doses  of  one- 
tenth  of  a  grain,  combined  with  bicarbonate  of  sodium,  every  hour 
until  free  purgation  or  "touching  of  the  gums"  makes  it  advisable  to 
discontinue  it.  As  calomel  is  given  in  this  way  for  its  antiphlogistic 
effect,  and  often  fails  to  purge,  a  saline  cathartic  had  best  be  also 
given,  and  the  patient's  general  health  and  secretions  kept  in  good 
condition.  Under  this  treatment  traumatic  cataract  will  often  be 
gradually  dissolved.  Excessive  swelling  of  the  lens  may  occur,  pro- 
ducing glaucomatous  symptoms.  The  eye  becomes  the  seat  of  intense 
pain  which  radiates  to  the  frontal,  temporal,  malar,  and  even  occipital 
region.  Conjunctival  injection  is  marked,  and  palpation  reveals  an 
increased  intra-ocular  tension.  These  symptoms  are  readily  explained 
by  finding  the  anterior  chamber  filled  with  the  swollen  and  opaque 
lens  matter.  This  condition  necessitates  evacuation  of  part  or  all 
of  the  lens  matter  by  the  operation  of  simple  linear  extraction,  which 
will  be  described  in  considering  the  treatment  of  cataract.  It  is  best 
to  remove  all  of  the  lens  matter  that  can  be  removed,  since  this  not 
only  more  effectually  reheves  the  glaucomatous  symptoms,  but  renders 
their  recurrence  less  probable  and  hastens  the  cure  of  the  condition 
by  leaving  only  a  small  amount  of  the  lens  to  be  dissolved  by  the 
aqueous  humor. 

Another  potent  reason  for  evacuating  the  swollen  lens  matter 
when  considerable  in  amount  was  mentioned  in  speaking  of  disloca- 
tion of  the  lens  into  the  anterior  chamber,  namely,  that  pressure  of 
the  lens  on  the  posterior  surface  of  the  cornea  may  excite  inflamma- 
tion or  even  sloughing  of  that  membrane. 

In  some  cases  of  traumatic  cataract,  especially  where  the  wound 
is  small,  the  lens  becomes  opaque,  but  is  not  absorbed.  Under_  these 
circumstances  it  should  be  removed  by  solution  or  extraction  in  the 
same  manner  and  for  the  same  reasons  as  if  dealing  with  a  monocular 
cataract  due  to  other  than  traumatic  causes.  In  children  a  cataract 
in  one  eye  if  let  alone  for  a  long  time  may  produce  amblyopia  from 
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disuse,  and  the  operation  when  ultimately  performed  may  not  be 
followed  by  a  good  visual  result.  . 

Traumatic  cataract  may  be  followed  by  the  formation  of  a  second- 
ary capsular  cataract,  or  after-cataract,  which  must  be  dealt  with 

^VpTcities°ome  Lens.  All  opacities  of  the  lens  and  its  capsule 
are  included  under  the  name  cataract.  This  name  is  a  relic  oi  the 
time  when  the  nature  of  these  opacities  was  not  understood,  and  no 
cUstinction  could  be  made  between  the  different  kinds  of  opacities 
Usage  has  established  the  name  so  firmly  in  our  nosology  that  it  will 
probably  be  permanently  retained,  and  great  confusion  would  follow 
any  attempt  to  abandon  it.  p     ,       +  + 

The  following  classification  includes  the  forms  of  cataract  met 

with  clinically: 


Capsular  opacities. 


Lenticular  opacities. 


S  Congenital. 
Anterior  capsular.  j  Acquired. 

.  Posterior  capsular. 
[  Secondary,  or  after-cataract. 


f  Zonular  cataract. 
Stationary  (partial).  \  circumscribed  opacities. 

Nuclear. 
Cortical. 


f  Nuclear 
.  Progressive.  < 


Capsular  cataracts  are,  as  the  name  implies,  opacities  confined  to 

the  capsule  of  the  lens.  .  , 

Anterior  capsular  or  polar  cataracts  are  of  two  kinds,  conyemently 
considered  as  congenital  and  acquired.    We  _  have  seen  that  the 
anterior  capsule  has  an  epithelial  lining  on  its  lenticular  surface. 
Anterior  capsular  cataract  consists  in  a  proliferation  of  these  epi- 
thelial cells,  which  become  elongated  and  form  a  mass  of  opaque 
tissue  resembhng  fibrous  tissue,  lying  between  the  clear  capsule  and 
the  clear  lens,  neither  of  which  is  affected  by  it.  _  (i^ ig.  2bh.)  inis 
mass  is  not  fibrous  tissue,  for  it  develops  from  epithelial  (epiblastic) 
cells    In  the  congenital  form  of  anterior  capsular  cataract  the  con- 
dition is  due  to  some  developmental  error  not  yet  determined,  in 
the  acquired  form,  which  arises,  as  a  rule,  during  childhood  the  farst 
step  is  an  ulceration  of  the  cornea,  which  perforates  and  allows  the 
aqueous  humor  to  escape  and  the  lens  to  fall  forward  and  apply 
itself  to  the  opening.    By  contiguity  inflammation  is  set  up  m  the 
capsular  epithelial  cells,  and  they  proliferate.    Closm-e  of  the  corneal 
opening  and  reaccumulation  of  the  aqueous  humor  results  m  replace- 
ment of  the  lens  to  its  natural  position.    We  can  see  the  corneal 
opacity  suggesting  the  cause,  and  sometimes  a  thread  of  tissue  may 
be  seen  connecting  the  corneal  opacity  with  the  lenticular  one  In 
these  cases  there  is,  in  addition  to  the  epithelial  mass  beneath  the 
capsule,  usually  a  plug  of  connective  tissue  deposited  on  the  anterior 
surface  of  the  capsule  (pyramidal  cataract).  .  . 

Posterior  capsular  or  polar  opacities  have  a  very  different  origin 
and  are  always  congenital.    In  foetal  life  a  bloodvessel,  the  hyaloid 
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artery,  runs  through  the  vitreous,  connecting  the  optic  disk  and  the 
posterior  surface  of  the  lens.  This  usually  atrophies,  but  sometimes 
a  remnant  of  tissue  remains  at  the  site  of  the  juncture  of  the  hyaloid 
artery  and  the  posterior  surface  of  the  lens,  and  this  constitutes 


Fig.  268. 


Epithelial  proliferation  (at  A  A)  beneath  the  capsule.  Prom  a  case  of  choroidal  sarcoma.  To 
show  the  histology  of  anterior  capsular  cataract.  X  100.  (Prepared  by  Dr.  E.  S.  Thomson,  In  the 
laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 

posterior  capsular  cataract.  (Fig.  269.)  As  will  be  seen,  it  differs 
from  anterior  capsular  cataract  by  lying  on  the  surface  of  the  capsule 
farthest  from  the  lens,  and  in  being  fibrous  (mesoblastic)  instead  of 
epithelial.  Sometimes  the  hyaloid  artery  does  not  disappear,  but 
remains  in  its  entirety.    Capsular  cataracts  are  stationary. 


Fig.  269. 


Posterior  polar  cataract. 


Lenticular  opacities  are  far  more  common  than  capsular  opacities, 
so  much  so  that  the  word  cataract,  unless  qualified,  is  usually  taken 
to  mean  an  opacity  of  the  lens  itself. 

Lenticular  opacities  are  caused  by  anything  that  interferes  with 
the  normal  growth  of  the  lens.  In  this  way  errors  of  development, 
such  as  faulty,  delayed,  or  imperfect  development,  senility,  constitu- 
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tional  diseases,  and  other  diseases  of  the  eye,  especia  ly  the  diseases 
of  the  uveal  tract,  which  is  especially  concerned  ni  the  nutrition  ol 
the  eye,  act  as  causes  of  cataract.  The  low-grade  choroidal  inflam- 
mation, described  in  the  living  as  "choroidal  disturbance,  brought 
about  by  eyestrain  attending  uncorrected  or  improperly  corrected 
errors  of  refraction,  is  held  to  be  a  potent  cause  of  lenticular  cataract. 
The  writer  has  stated  the  causes  in  the  foregoing  manner  because 
that  idea  best  explains  the  greater  relative  frequency  of  cataract  m 
the  illiterate  and  ignorant  classes— e.  g.,  the  negro  race— m  whom 
errors  of  refraction  are  relatively  rare  and  use  of  the  eyes  in  a  manner 
calculated  to  cause  eyestrain  very  unusual.  Cataract  is  common 
in  glassblowers  and  others  whose  occupation  exposes  them  to  high 
temperatures,  probably  because  these  excessive  temperatm'es  cause 


Fig.  270. 


Beginning  cataract.  The  nucleus  is  beginning  to  shrink,  and  a  number  of  separations  in  the  fibre 
are  shown.  These  separations  are  filled  with  granular  matter  which  stains  deeply.  X  100.  (Pre- 
pared by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 

similar  conditions  of  the  choroid.  The  manner  in  which  these  causes 
act  is  understood  best  when  we  consider  the 

Pathology  of  Lenticular  Opacities.  The  lens  grows,  as  we  have 
seen,  by  the  formation  of  new  fibres  from  the  layer  of  epithelial  cells 
which  underhe  the  anterior  capsule.  These  cells  become  fibres  by  a 
process  of  elongation,  and  go  to  make  up  the  cortical  portion  of  the 
lens.  The  tendency  of  the  capsular  epithelium  to  take  on  this  fibrous 
structure  has  been  seen  in  considering  anterior  capsular  cataract. 
The  nucleus  is  the  oldest  part,  and  by  contraction  and  loss  of  fluid 
gradually  becomes  more  dense  and  smaller.    If  the  growth  of  the 
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lens  is  arrested  by  senility  or  by  any  other  cause  which  interferes 
with  its  growth,  the  nucleus  continues  to  shrink,  and  small  spaces  are 
created  by  its  drawing  away  from  the  cortex.    (Fig.  270.)  These 


Fig.  271. 


Senile  cataract.  The  cortex  is  homogeneous.  Deeper  in,  the  fibres  are  separating  through  shrinlc- 
ing  of  the  nucleus,  and  the  spheres  of  Morgagni  are  forming.  X  100.  (Prepared  by  Dr.  E.  S.  Thom- 
soK,  in  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 


Fig.  272. 


Senile  cataract.  Separation  of  fibres  and  formation  of  spheres  of  Morgagni.   X  200.  (Prepared 
by  Dr.  E.  S.  Thomson,  In  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 
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ihl  two  Thus  the  first  appearance  of  cataract  when  seen  in  its 
pe  iod  of  divelopnent  is  of  opaque  Unes  running  from  the  circum- 
Snce.  By  oblique  illumination  these  l^^^s  appear  gray  but  by 
eflected  light  they  appear  black,  as  they  mterfere^  with  the  hght 
tcteci  bfck  froni th'eVmdus.  The  albuminous  flm^^^^^^  ^e^s^.e^ 
hP+ween  the  fibres  coagulates  to  form  drops,  called  the  spheres  oi 
Sorgagni    (Fi^s  271  and  272.)    The  lens  fibres  next  to  these  spaces 


Fig.  273. 


senile  cataract.  The  fibres  are  beginning  to  break  up,  and  the  1^'^^?^ \frhanirEveTnd  Ea^ 
oul  X  100.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan  Eye  and  Ear 


Hospital.) 


become  clouded  by  minute  fatty  drops,  and  swell  and  become  more 
and  more  opaque  by  fatty  degeneration  and  imbibition  of  the  fluid 
(Fies  273  and  274.)    This  process  may  be  arrested  by  the  removal 
of  the  cause,  and,  except  in  senile  cataract,  the  lens  resumes  its 
normal  growth.    The  nucleus,  being  more  dense,  is  usually  the  least 
affected  by  the  process,  and  in  many  cataracts  it  is  yellow  and  com- 
paratively clear,  while  the  cortical  portion  is  milky  and  opaque,  it 
the  cataract  progresses  to  complete  opacity  of  the  lens  the  saine 
fluid  -is  secreted  between  the  lens  and  the  capsule,  and  tends  to 
separate  them.    (Figs.  275  and  276.)    This  makes  removal  of  the 
lens  easier,  and  explains  why  we  prefer  to  delay  the  extraction  ot 
progressive  cataracts  until  they  are  fully  opaque  or    ripe.      VV  hen 
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Senile  cataract.   Showing  separation  ol' librcs  and  granular  dubris.  Fibres  cut  transversely.  X  100. 
(Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 


Fig.  275. 


Cataract  following  iridocyclitis.   Showing  softening  of  the  cortex  and  separation  of  the  outer, 
layers  of  the  nucleus,   x  15.   (Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan 
Eye  and  Ear  Hospltal.j 
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miss  wh  ih  becomes  finally  perfectly  fluid,  and  m  this  fluid  the  still 
firm  nucleus  floats.  This  condition  is  known  as  hypermature  or 
M  g^gln  cataract.    The  fluid  portion  may  become  clear  and^^^^^^ 

ens  in  a  measure  regain  its  transp^-ncy  but  not  its  c^^^^^^^^^ 
and  some  improvement  in  vision  takes  place.  _  The  nucleus  never 
en  rely  disappears,  although  it  becomes  progressively  smaller.  Cho- 

esterin  crystal  may  form  in  the  fluid  part  of  a  hypermature  cataract. 


Fig.  276. 


senile  cataract.  The  cortical  layers  beneath  the  -P-^,- ^^^JJ^^J^^.^;^^^^^^ 

The  symptoms  of  cataract  consist  principally  in  diminution  of  the 
acuity  of  vision.    In  the  early  stages  the  presence  of  areas  in  the 
LnTdiffering  in  refractive  index  from  the  lens  itself  may  give  rise  to 
poTyopL,  oi^multiple  vision,  but  this  is  not  very  common.    The  eye 
surgeon  s  usually  consulted  on  account  of  dimness  of  vision.    If  the 
opad?y  is  peripheral,  it  causes  very  little  mconvenie^^^ 
the  central  portion  of  the  lens  remains  clear.    Such  a  person  sees 
best  ^th  a  contracted  pupil  when  the  opaque  portions  are  hidden 
behinTthe  iris.    On  the  other  hand,  if  the  opacity  is  central,  the 
paSt  sees  best  when  the  pupil  is  dilated-,  g.,  at  j"^^^ 
retraction  of  the  iris  permits  the  passage  of  rays  of  light  thiough 
the  clear  peripheral  portions  of  the  lens.  As  the  opacity  progresses  the 
vision  is  poor^under  all  circumstances,  and  the  pupil  assumes  a  notice- 
Ibly  gray  or  white  color.    The  vision  is  never  entirely  lost  from 
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uncomplicated  cataract;  that  is,  the  patient  can  always  not  only  per- 
ceive light,  but  can  tell  the  direction  whence  it  comes.  If  a 
patient  with  cataract  is  unable  to  determine  the  location  of  a  lighted 
candle  at  a  distance  of  fifteen  feet  in  a  moderately  darkened  room 
we  may  be  sure  that  some  lesion  of  the  retina  or  optic  nerve  is  present' 
and  that  removal  of  the  cataract  will  not  be  attended  with  anything 
like  a  perfect  restoration  of  vision. 

The  impairment  of  vision  which  is  observed  in  the  development 
of  a  cataract  is  sometimes  due  to  another  cause  than  opacity  of  the 
lens.  It  frequently  happens  that  prior  to  the  development  of  any 
considerable  opacity  the  increasing  density  of  the  lens  renders  its 
refractive  index  higher  and  its  action  as  a  lens  stronger.  The  result 
of  this  is  to  make  the  eye  myopic,  and  this  is  the  condition  which 
constitutes  so-called  "second  sight."  A  previously  emmetropic  or 
hyperopic  eye  becomes  myopic,  and  if  the  patient  is  at  an  age  when 
presbyopia  has  appeared — and  this  is  usually  the  case,  since  this  con- 
dition is  seen  oftenest  preceding  the  development  of  senile  cataract — 
he  finds  that  he  is  enabled  to  dispense  with  his  presbyopic  glasses 
and  read  with  the  unaided  eye.  The  distant  vision  is,  however, 
reduced.  Careful  examination  of  such  an  eye  will  seldom  fail  to 
show  commencing  cataractous  degeneration  of  the  lens.  An  attempt 
to  correct  this  newly  acquired  myopia  by  glasses  is  not  very  satis- 
factory, for  although  the  patient  may  read  the  letters  on  a  test-card 
with  much  greater  fluency,  for  some  reason  the  glasses  do  not  seem 
to  render  him  much  practical  aid  in  vision.  The  writer  has  frequently 
seen  cases  of  this  character  in  whom  glasses  would  raise  the  distant 
vision  from  20/100  to  20/50,  or  more,  but  who  preferred  to  be  without 
them.  For  their  influence  in  relieving  eyestrain  and  promoting 
nutrition  of  the  eye,  these  glasses  should  be  carefully  fitted  and  worn. 

The  course  of  cataract  is  variable.  We  may  except  the  different 
forms  of  stationary  cataract,  in  which  there  is  no  tendency  to  change, 
and  speak  only  of  progressive  cataract.  The  tendency  is  for  the 
opacity  to  advance,  but  this  occurs  at  a  very  variable  and  uncertain 
rate.  We  are,  therefore,  not  able  to  prognosticate  with  any  certainty 
the  length  of  time  which  a  given  case  will  take  to  arrive  at  maturity 
and  be  ready  for  operation.  The  process  may  advance  rapidly  for  a 
while,  and  then  remain  stationary  for  years,  or,  after  a  long  period 
in  which  no  progress  is  made,  suddenly  advance  rapidly.  In  case 
both  eyes  are  affected,  we  can  argue  with  some  degree  of  confidence 
that  the  last  eye  to  be  affected  will  run  the  same  course  as  the  first 
one  did,  but  there  are  many  exceptions  to  this.  A  plain  statement 
of  all  these  facts  had  better  be  made  to  the  patient  or  the  patient's 
friends  at  first.  In  a  general  way,  it  may  be  said  that  about  two 
years  is  an  average  time  for  a  senile  cataract  to  arrive  at  maturity, 
while  the  progressive  forms  of  cataract  in  younger  people  are  apt  to 
advance  more  rapidly  and  on  the  whole  with  greater  uniformity. 
The  value  of  this  statement  lies  in  the  fact  that  we  may  inform  the 
patient  that  it  is  not  likely  that  the  eye  will  be  ready  for  operation 
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in  less  than  two  years,  nor  is  it  apt  to  be  longer  than  three  or  four. 
But  this  statement  should  be  made  only  as  a  mere  approximation, 
since  there  is  no  way  of  arriving  at  a  more  accurate  prognosis. 

Progressive  cataracts  follow  a  course  in  their  development  which 
admits  of  division  into  four  well-defined  climcal  stages : 

1  Incipient  cataract.  In  this  stage  second  sight  may  be  present, 
but"  the  opacity  is  recognizable,  especially  with  the  ophthalmoscope 
No  other  changes  have  yet  occurred,  and  vision  is  present  to  a  useful 

2  Intumescent  or  swollen  cataract.  The  lens  is  now  more  opaque, 
although  clear  areas  may  still  be  found;  but  the  fibres  are  swollen,  the 
fens  is  larger  than  normal,  the  iris  is  pushed  forward,  and  the  anterior 

chamber  is  shallow.  ,   .         ,  • 

3.  Mature  cataract.    The  lens  has  resumed  its  normal  size  and  is 

oDaque  throughout.  .     •,         i  u 

4  Hvpermature  cataract.  The  cortical  portion  has  undergone  soft- 
ening, or  even  liquefaction,  and  may  have  cleared  up  to  some  extent 
Diagnosis.    The  diagnosis  of  cataract  is  to  be  made  by  careful 
examination  with  both  oblique  illumination  and  with  the  ophthalmo- 


Fig.  277. 


,  r.of    1  qectiota  of  lens;  opacity  densest  at  centre.   2.  Opacity  as  seen  by  trans- 
J::al^:^^^^^^  -i-),  .l^h  ^n    ^O^c^y  as  seen  by  reflected  .gbt 

?Snuminatfon).  The  pupil  is  supposed  to  be  dilated  witb  atropine. 

scope  and  should  aim  to  determine  not  only  the  presence  of  lenticular 
opaciiy  but  also  the  precise  location,  stage  of  development,  aird  kmc 
of  catar'act,  together  with  the  cause,  if  possible,  and  the  condition  of 
all  of  the  other  ocular  structures.    It  is  important  to  examine  the 
lens  with  the  pupil  fully  dilated  by  means  of  a  mydriatic._  It  is 
extremely  important,  in  cases  seen  early,  to  make  a  carefd  examination 
of  the  fundus  of  the  eye,  since  the  opportunity  to  do  this  may  soon 
be  lost  and  a  knowledge  of  the  conditions  withm  the  ball  is  highly 
advantageous  in  arriving  at  an  intelligent  opinion  as  to  he  cause  and 
course  of  the  cataract,  as  well  as  the  chances  for  a  good  visual  result 
folio  wine  operation.  ,  •,  , 

By  oblique  illumination  opacities  in  the  lens  appear  as  gray  dots 
masses,  or  streaks  against  a  black  background.  (Figs.  2/7  and  2  8.) 
If  small  and  situated  deep  in  the  lens  or  very  near  the  equator,  they 
may  not  be  visible  at  all  by  this  method,  and  their_  density  is,  as  a 
rule  not  easy  to  determine.  Opacities  in  the  anterior  layers  of  the 
cortex  or  on  the  anterior  capsule  are  easily  seen  m  this.way,  and  we 
can  also  judge  of  the  depth  of  the  anterior  chamber  and  the  condition 
of  the  iris  as  to  color,  motility  of  the  pupil,  etc. 
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.  We  cleterinine  when  a  cataract  is  mature  by  concentrating  light 
on  it  from  the  side  (obUque  illumination).  If  the  cortex  is  not 
opaque,  the  iris  throws  a  very  marked  shadow  through  the  clear  outer 


Fig.  278. 

12  3 


Cortical  catAract.   References  as  iu  preceding  figure. 


layers  on  the  opaque  central  portion  of  the  lens.  (Fig.  279.)  If 
the  lens  is  fully  opaque  (mature  cataract),  no  shadow  is  thrown. 

By  ophthalmoscopic  examination  opacities  appear  black  against 
a  red  backgi-ound,  and  on  the  whole  are  more  easily  seen.  AVe  can 
judge  very  well  of  their  density  by  this  method  according  to  the 
degree  of  blackness.  Faint  nuclear  opacities  can  be  detected  which 
escape  being  seen  by  oblique  illumination  altogether.  Except  in 
patients  whose  eyes  show  glaucomatous  tendencies,  the  pupil  should 
always  be  dilated  with  a  weak  and  evanescent  mydriatic,  such  as  a 
2  per  cent,  or  4  per  cent,  cocaine  solution,  or  a  1  per  cent,  euphthalmine 
solution,  or  a  combination  of  the  two  in  a  5  per  cent,  or  1  per  cent, 
solution.  Otherwise  peripherally  located  strite,  the  form  in  which 
senile  cataract  often  commences,  will  be  hidden  from  view  by  the 
iris.    (Fig.  278.)    The  dilatation  of  the  pupil  also  enables  us  to  judge 


Fig.  279. 


L 

L.  Shadow  of  the  iris  seen  from  in  front  in  immature  cataract.  L  Equals  source  of  light.  LL. 
Shadowof  the  iris  upon  the  lens  seen  in  schematic  cross-section.  L.  Equals  source  of  light.  (Fuchs.) 

of  the  condition  of  the  pupil  as  to  its  motility  and  the  presence  of 
l)osterior  synechia?.  The  extent  of  central  opacities  may  be  clearly 
defined  through  the  dilated  pupil,  and  the  condition  of  the  fundus 
studied  through  the  clear  peripheral  portions  of  the  lens. 

The  location  of  the  opacity,  if  small,  can  be  made  out  hy  ophthal- 
moscopic examination  by  obser^dng  the  motion  of  the  opacity  in 
regard  to  the  motion  of  the  pupillary  edge  of  the  iris.  If  the  opacity 
is  on  the  anterior  capsule  of  the  lens  or  in  the  anterior  portion  of  the 
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cortex  it  will  appear  to  move  in  the  same  direction  as  the  eye  moves, 
T  et^ipVa^  if  the  patient  looks  upward.    TWs  is  determmed  by 


Pig.  280. 


Fig.  281. 


-0 


Fig.  282. 


Diagmmmatic  representation  of  method  of  detecting  location  of  lenticular  opacities  by  their 
movement  in  relation  to  the  movement  of  the  edge  of  the  pupil.  Fig.  280.  the  eye  .s  looking 
straight  ahead.  Fig.  281,  the  eye  is  looking  upward.  Fig.  282,  the  eye  is  looking  downward,  i.  Ins 
I.  Lens.   0.  Observer,  a.  Anterior  opacity.  6.  Central  opacity,   c.  Posterior  opacity.   Oc.  Line  of 
vision  of  observer. 

noting  its  distance  from  the  edge  of  the  pupil.  If  the  opacity  lies 
near  the  posterior  surface  of  the  lens,  it  will  appear  to  move  m  the 
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opposite  direction  to  the  movement  of  the  eye — i.  e.,  if  the  patient 
looks  upward,  the  opacity  appears  to  move  downward.    A  central 
opacity — that  is,  one  equally  distant  from  the  two  surfaces — will 
move  very  little  or  not  at  all.    This  is  shown  in  Figs.  280,  281 
and  282. 

Besides  noting  the  condition  of  the  lens  and  anterior  segment  of 
the  eye,  we  should,  if  the  condition  of  the  lens  permits,  examine  care- 
fully for  opacities  in  the  vitreous  and  for  evidences  of  disease  in  the 
optic  nerve,  retina,  and  choroid.  The  latter  being  the  nutritive  coat 
of  the  eye,  the  presence  of  any  disease  of  it  will  throw  light  on  the 
cause  of  the  lenticular  disease.  Evidence  of  disease  of  the  optic  nerve 
or  retina  will  govern  us  in  arriving  at  a  prognosis  as  to  the  visual 
result  to  be  attained  by  operation. 

If  a  view  of  the  fundus  cannot  be  obtained,  the  condition  of  the 
deeper  structures  should  be  determined  by  measuring  the  field  of 
vision.  This  can  be  done  even  in  mature  cataracts  by  means  of  two 
lighted  candles.  It  has  been  stated  that  cataract  alone  never  causes 
loss  of  the  ability  to  perceive  light;  hence,  in  the  absence  of  other 
disease  of  the  eye  a  fairly  normal  visual  field  can  be  demonstrated 
by  the  candles.  Not  only  should  the  limits  of  the  field  be  mapped 
out,  but  the  central  region  studied  in  the  same  way  for  the  existence 
of  scotomata,  the  presence  of  which  would  modify  the  prognosis 
materially. 

The  condition  of  the  conjunctiva  should  be  noted  for  evidences 
of  present  or  past  inflammation,  and,  above  all,  should  we  carefully 
examine  into  the  condition  of  the  lacrymal  apparatus,  both  at  its 
ocular  and  nasal  extremities,  and  determine  if  the  apparatus  per-, 
forms  its  drainage  functions  properly  and  is  free  from  inflammation. 
The  lacrymal  apparatus  is  probably  the  most  fruitful  source  of  post- 
operative infection  of  the  eye. 

The  eyeball  should  be  palpated  to  determine  if  tenderness  exists 
and  if  the  intra-ocular  tension  is  increased  or  diminished.  The  sig- 
nificance of  these  conditions  is  stated  elsewhere. 

The  general  condition  of  the  patient's  health,  secretions,  urine,  etc., 
must  all  be  looked  into  before  our  investigation  and  diagnosis  are 
completed. 

Prognosis.  The  prognosis  of  cataract,  except  from  operative  treat- 
ment, is  for  permanent  blindness.  From  time  to  time  other  treat- 
ments are  exploited,  but  none  so  far  advanced  possesses  any  value. 
Massage  of  the  eyeball  through  the  closed  lids  has  had  some  support 
from  reputable  professional  sources,  but  has  practically  been  aban- 
doned as  without  value.  Other  treatments  by  the  instillation  of  cer- 
tain drugs,  such  as  cineraria  maritima  and  other  substances,  and 
various  "absorption  treatments,"  have  emanated  from  unprofes- 
sional sources  or  from  charlatans,  for  commercial  reasons,  and  are 
also  worthless. 

Spontaneous  clearing  of  cataractous  lenses  has  been  occasionally 
reported  by  observers  of  repute,  but  is  extremely  rare.    Risle}'  has 
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called  attention  to  the  fact  that  some,  at  least,  of  these  cases  were 
not  lenticular  opacities,  but  inflammatory  deposits  between  the  pos- 
terior capsule  and  the  vitreous,  and  were  of  choroidal  origin,  it  is 
easy  to  understand  the  disappearance  of  these  products,  but  m  a 
few  instances  clearing  up  of  true  lenticular  opacities  has  been  seen 
to  occur.    These  cases  are  ophthalmological  curiosities. 

Cataract  is  sometimes  "cured"  by  the  spontaneous  or  traumatic 
dislocation  of  the  lens.  .  •+ 

In  cataracts  which  are  allowed  to  advance  to  hypermaturity,  the 
fluid  cortical  substance  sometimes  becomes  sufficiently  clear  to  permit 
some  restoration  of  vision.  ,.    ,  ,     ,  + 

The  prognosis  from  operation  is  good.  In  uncomphcated  cataract 
the  operation  of  removal  of  the  lens  should  yield  a  good  visual  result 
in  about  90  per  cent,  of  cases.  The  prognosis  is  rendered  less  favor- 
able by  complicating  disease  of  the  eye  and  by  certain  depressed 
states  of  nutrition,  as  in  diabetes.  A  careful  examination,  as  was 
mentioned  under  the  head  of  Diagnosis,  will  lead  to  the  detection  of 
these  conditions,  and  the  prognosis  can  be  modified  accordingly. 

In  considering  the  question  of  operation  for  cataract  on  patients 
who  for  some  incurable  local  or  general  disease,  such  as  suppurative 
condition  about  the  eye,  trachoma,  or  diabetes,  nephritis,  pulmonary 
phthisis,  etc.,  offer  a  bad  prognosis,  the  matter  should  be  explamed 
fully  to  them  in  regard  to  the  risk  that  they  run  of  losing  the  eye, 
and  they  should  then  be  advised  to  have  the  operation  performed, 
for  the  reason  that  in  the  event  of  failure  their  condition  is  no  worse 
than  if  they  were  not  operated  on,  that  is  to  say,  they  are  blind  m 

either  event.  ,        ,  ,  i  •    ,i  r 

The  chnical  varieties  of  cataract  have  been  stated  m  the  preceding 

^^'^Capsular  Opacities.  1.  Anterior  capsular  or  polar  cataract  is 
either  congenital  or  is  acquired  in  infancy  as  the  result  of  corneal 
ulceration  and  perforation.  There  is  a  subcapsular  hyperplasia  of 
the  epithelium,  and  in  the  acquired  form  frequently  a  deposit  of 
lymph  on  the  anterior  surface  of  the  capsule,  forming  what  is  some- 
times called  pyramidal  cataract.  From  this  a  filament  of  organized 
lymph  may  sometimes  be  seen  to  run  to  a  small  corneal  opacity. 

2  Posterior  capsular  or  polar  opacities  lie  on  the  posterior  layer 
of  the  capsule,  and  are  caused  by  failure  of  absorption  of  the  tissue 
where  the  foetal  hyaloid  artery  joins  the  lens.  Sometimes  the  hyaloid 
artery  persists,  and  may  be  filled  with  blood  or  may  have  its  lumen 
obliterated  and  appear  as  a  connective-tissue  filament  running  from 
the  optic  disk  to  the  lens. 

3  Secondary  or  after-cataract  is  the  name  applied  to  portions  ot 
the  capsule  left  behind  in  the  pupillary  space  after  removal  of  the 
lens.  Unless  the  lens  is  removed  in  its  capsule,  a  secondary  cataract 
always  remains.  This  may  be  so  thin  as  not  to  interfere  with  vision, 
and  then  is  of  little  clinical  importance.  On  the  other  hand,  it  may 
be  quite  dense  and  augmented  by  particles  of  lens  matter  enclosed 
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between  the  posterior  capsule  and  the  remains  of  the  anterior  capsule, 
and  further  thickened  by  a  deposit  of  lymph  thrown  out  from  the 
iris  during  the  iritis  which  often  follows  operation  for  cataract. 
(Fig.  283.)    If  the  central  portion  of  the  secondary  cataract  is  suf- 


PlG.  283 


Remains  of  lens  after  a  normal  cataract  cxlraciioii.  Showiug  swollen  lens  fibres  surrounded  by 
iris  and  ciliary  exudate.  From  an  eye  which  was  enucleated  on  the  tentli  day  for  iridocyclitis. 
X  15.   (Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 

ficiently  opaque  to  interfere  with  vision,  it  requires  treatment  by 
the  operation  of  capsulotomy. 

Lenticular  Opacities.  1.  Stationary  opacities  of  the  lens  are  of 
various  kinds: 

(a)  Circumscribed  opacities  of  the  lens  may  follow  a  penetrating 
wound  confined  to  a  small  area.  We  cannot  count  on  cataracts  of 
this  character  remaining  stationary,  but  the  clinical  fact  is  that 
they  sometimes  do,  and  may  even  disappear.  It  has  been  said 
that  in  some  of  these  cases  the  wound  in  the  capsule  is  minute  and 
instantly  closes,  keeping  out  the  aqueous  humor.  The  opacity  is 
then  due  to  mechanical  disturbance  of  the  lens  fibres.  Circumscribed 
opacities  of  other  than  traumatic  origin  are  sometimes  seen,  and  an 
adequate  explanation  of  them  is  hard  to  give.  The  most  common 
form  is  that  in  which  opaque  masses  and  spicuke  exist  in  the  lower 
and  inner  quadrant  of  the  lens,  as  described  by  J.  L.  Thompson 
This  is  the  form  of  senile  cataract  which  is  most  apt  to_remam_  partial 
for  a  long  time.  Other  forms  are  punctate  opacities,  _  which  are 
multiple  and  may  occupy  almost  any  position;  stellar  opacities,  which 
are  unusual  in  the  posterior  central  region  and  pften  associated 
with  retinitis  pigmentosa  or  choroidal  disease,  and  vitreous  opacities ; 
central  cataract,  an  opacity  lying  near  the  centre  of  the  lens:  and 
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spindle  or  axial  cataract,  which  consists  of  a  fusiform  opacity  running 
from  before  backward  through  the  centre  of  the  lens,  with  the  thickest 

P'tzott^Tarlct  is  a  common  form  of  congenital  or  infantile 
cataract     From  arrest  of  development  or  growth  ot  the  lens  a  cataract 
beSns  to  form  in  the  perinuclear  region.    The  cause  ot  this  arrest  of 
development  or  growth  being  removed,  the  opacity  ceases  to  progress, 
Se  surrounding  and  subsequently  formed  lens  substance  being  clear. 
The  concUtion  is  then  that  of  an  opaque  shell  lying  m  the  lens,  en- 
closing a  clear  nucleus  and  enclosed  by  a  layer  of  clear  cortex.  A 
repetition  of  the  process  at  a  later  date  may  result  m  the  formation 
of  a  second  opaque  zone,  separated  from  the  first  by  clear  lens  tissue 
Zonular  cataract  may  become  progressive  by  the  overlying  layeis 
becoming  opaque.    This  may  be  foretold  when  peripheral  opaque 
spTcul^  are  seen  lying  in  front  of  the  opaque  zone  J"^^^^^ 
from  their  relation  to  the  opaque  zone  are  cal  ed    iiders.  -by 
oblique  illumination  this  form  of  cataract  resembles  an  immature 
progressive  cataract.    The  ophthalmoscope  shows  the  centre  to  be 
shghtly  clearer  than  the  peripheral  portions  of  the  opaque  area,  and 
surrounding  the  opacity  a  clear  area  through  which  a  bright  reflex 
s  obtained  and  ti  e  fundus  can  be  seem    (Fig.  284.)    The  appear- 


Lamellar  cataract.  1,  2,  3.  As  before.  4.  Shows  slight  grayness  of  the  undilated  pupil,  owing  to 
the  layers  of  opacity  being  deeply  seated. 


ance  of  clearness  in  the  centre  is  due  to  the  fact  that  the  opaque 
layers  are  further  separated  here,  while  at  the  edge  of  the  opacity  the 
two  opaque  layers  are  so  close  that  they  have  the  effect  of  one  thick 
layer  Zonular  cataract  is  associated  so  often  with  a  history  ot 
convulsions  due  to  rickets  that  they  are  generally  believed  to  bear 
a  causal  relation  to  it.  _ 

(c)  Anterior  and  posterior  cortical  opacities  are  sutticiently  cie- 
scrib-d  by  their  name.  They  are  lenticular  opacities,  m  contradis- 
tinction to  anterior  and  posterior  capsular  cataracts,  and  their  special 
cause  is  not  understood.  . 

2.  Progressive  cataracts  include  the  vast  majority  of  opacities  ot 
the  lens.  While  sometimes  seen  in  young  adults,  they  usually  affect 
persons  over  forty  years  of  age,  and  constitute  what  are  spoken  of 
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as  senile  cataracts.  It  must  not  be  forgotten  that  progressive  cat- 
aracts may  be  seen  in  infancy — indeed,  at  any  age.  Before  the  age  of 
thirty  years  cataracts  partake  of  the  characteristics  of  the  normal 
lens  in  that  they  are  composed  largely  of  the  outer  soft  cortical  por- 
tions, and  of  relatively  little  nucleus.  Senile  cataracts,  on  the  other 
hand,  have  relatively  larger  nuclei,  and  are  called  hard  cataracts,  in 
distinction  from  juvenile  or  soft  ones.  There  is  always,  even  in  the 
aged,  a  layer  of  softer  cortex  around  the  nucleus,  although  this  is  less, 
as  a  general  rule,  the  older  the  patient.  Clinically,  we  distinguish 
soft  from  hard  cataracts,  when  mature,  by  the  fact  that  the  former 
are  of  a  more  uniform  and  greater  whiteness,  while  the  latter  may 
be  quite  brown,  due  to  the  larger  brown  nucleus.  A  very  large  and 
dark  nucleus  causes  what  is  called  black  cataract,  and  such  cataract 
may  be  all  nucleus  and  never  become  mature.  Senile  cataracts 
possess  four  fairly  well-defined  stages,  as  has  been  mentioned: 
1.  Incipient.    2.  Intumescent.    3.  Mature.    4.  Hypermature. 

Complicated  cataract  is  the  term  applied  to  cataracts  accom- 
panied by  oth(>r  intra-ocular  disease  of  such  a  nature  as  to  give  rise 
to  complications  during  the  performance  of  the  operation  for  their 
removal.  Thus  corneal  opacities  which  obscure  the  view  of  the  field 
of  operation,  iritic  adhesions  which  bind  the  lens  in  place,  fluidity 
of  the  vitreous,  rendering  its  escape  likely  during  the  operation,  are 
conditions  the  existence  of  which  would  justify  the  name  of  compli- 
cated or  complicate  cataract.  On  the  other  hand,  conjunctivitis, 
dacryocystitis,  optic  nerve  atrophy,  etc.,  may  militate  seriously 
against  the  success  of  the  operation,  but  custom  does  not  sanction 
the  designation  of  cataracts  accompanied  by  these  conditions  as 
complicate  cataract. 

A  special  form  of  complicate  cataract  is  that  which  is  seen  following 
neglected  iritis.  The  pupil  is  contracted  to  a  point,  and  this  small 
opening  is  filled  with  an  exudate  so  intimately  adherent  to  the  cap- 
sule, which  is  also  opaque,  as  to  constitute  a  capsular  cataract.  The 
iris  is  frequently  bound  to  the  capsule  by  this  membrane  over  its 
whole  extent,  and  the  lens  is  often  opaque.  Iritis  of  this  severity 
is  frequently  accompanied  by  cyclitis,  as  a  result  of  which  the  intra- 
ocular tension  is  lowered. 

Etiology  of  Cataract.  To  reserve  until  now  a  consideration  of  the 
causes  of  cataract  is  merely  to  recite  as  causes  conditions  whose 
modus  operandi  has  been  discussed  and  will  readily  be  understood. 

Congenital  cataracts  are  due  to  defective  development,  which  in 
turn  is  due  to  some  local  or  general  disease  of  the  mother.  Syphilis, 
tuberculosis,  or  other  diathetic  condition  may  act  in  this  way.  The 
defective  development  of  one  or  more  of  the  products  of  twin  or 
triple  pregnancy  may  express  itself  in  this  form,  although  seldom  unas- 
sociated  with  other  physical  and  possibly  mental  defects.  Trauma, 
either  directly  or  indirectly  to  the  lens,  is  a  cause.  General  diseases 
which  affect  the  nutrition,  and  senility  through  a  similar  cessation  of 
growth,  have  been  discussed  as  causes.    Local  diseases  of  the  eye, 
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Fig.  285. 


.  ■  -J  sy        fPrpnared  bv  Dr.  E.  S.  Thomson,  in  the  labora- 

Qhrinkinff  lens  in  a  case  of  iridocyclitis.   X  lo-   (frepareu  uy  i^i.  i-. 
Shrmking  lens  in  ^^^^  Manhattan  Eye  and  Ear  Hospital.) 


Fig.  286. 


Remains  of  the  lens  In  phthisis  bulbl  following  iridocyclitis.  X  15.  (Prepared  by  Dr.  E.  S. 
Remains  .^^^^  laboratory  of  the  Manhattan  Eye  and  Ear  Hospital.) 
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particularly  choroidal  disease,  are  fruitful  causes.  (Fig.  285.)  Cho- 
roidal cataract  is  a  well-defined  variety,  and  is  seen  often  in  young 


Fig.  287. 


Section  from  a  case  of  phthisis  biilbi  with  ossified  choroid,  showing  the  lens  converted  into  a 
mass  of  fibrous  tissue.  X  15.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan 
Eye  and  Ear  Hospital.) 


Fig.  288. 


Wrinkling  of  lens  capsule  and  softening  of  cortex  under  a  large  iris  adhesion  (artifJcially  sepa- 
rated). From  a  case  of  iridochoroiditis.  X  100.  (Prepared  by  Dr.  E.  S.  Thom.<!ON,  in  the  laboratory 
of  the  Manhattan  Eye  and  Ear  Hospital.) 
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pe,.o„s.  In  this  form  the  lens  is  veg  ap*^*"  -^'^atT^h: 
fnffltration,  and  presente  a  P°'f always  produce 

causes  cataract  by  the  traction  ot  the  ^^sultrng  SY^^^^^ 

say  whether  this  acts  by  first  producing     .^f^^J  ."^^^^^ 

b/the  TclJol^glaVconia  the 

"ul  y^^^^^^^^^^^^^  tfme,  d4  to  nutritive  disUirbance. 

in  ?he  eye  which  result  from  the  glaucomatous  process.    (Fig.  289.) 


Fig.  289. 


rPrpnared  bV  Dr.  E.  S.  THOMSON, 

Jrr;eSs^t':;rlrrf^^fj!^wS^^^^ 

«r%"p\±r?=^^  0?      ?r  ^a^sr  tnd  polar 

^tt'LtetVtT^^e'  o  tt":f  aUaSg  JcapWar  lesion 
Ifp  hurcSon  of  the  lens  must  be  performed  and  the  case 
:Ilequ' ntly  «^  like  a  soft  or  traumatic  cataract.  Iridectomy, 
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often  of  value  in  some  forms  of  partial  cataracts,  is  usually  valueless 
in  anterior  and  posterior  polar  cataract. 

Secondary  or  after-cataract  is  to  be  treated  by  operation  if  it  inter- 
feres with  vision  to  any  considerable  extent.  The  treatment  is  by 
the  operation  of  capsulotomy. 

Lenticular  Opacities.  Stationary  (partial)  cataracts  require  dif- 
ferent treatments,  according  to  the  impairment  of  vision  which  they 
cause  and  the  condition  of  the  other  eye. 

Zonular  cataract  is,  as  has  been  said,  the  most  common  variety 
of  lenticular  cataract  seen  in  cliildren.  If  the  opaque  portion  is 
small  in  diameter,  it  will  be  found  that  dilatation  of  the  pupil  will 
so  expose  the  clear  peripheral  portion  of  the  lens  as  to  permit  very 
satisfactory  vision  through  it.  In  such  a  case,  wliile  permanent 
dilatation  of  the  pupil  by  continuous  instillation  of  a  mydriatic  may 
be  practised,  it  is  inconvenient  and  not  free  from  the  possibility  of  a 
deleterious  effect  on  the  eye  or  general  health  of  the  patient.  For 
these  reasons  it  is  jDreferable  to  make  a  portion  of  the  clear  periphery 
of  the  lens  available  permanently  for  vision  by  the  performance  of 
an  iridectomy.  This  should  be  done  in  an  upward  direction,  and 
the  coloboma  made  of  moderate  size,  but  extending  to  the  base  of 
the  iris.  The  refraction  should  then  be  carefully  corrected  and 
lenses  given  for  constant  use.  If  both  eyes  are  affected,  both  should 
be  operated  upon.  If  only  one  eye  is  affected  and  the  vision  of  the 
other  eye  is  good,  this  oj^eration  should  not  be  performed.  The 
affected  lens  should  be  treated  by  solution  or  not  at  all.  If  the 
cataract  shows  a  tendency  to  progress,  the  operation  for  solution 
(discission)  should  be  performed,  as  iridectomy  will  afford  only  tem- 
porary relief.  In  the  absence  of  any  contraindication,  the  treatment 
by  solution  should  be  performed  in  all  cases  as  affording  the  best 
visual  result.  We  can  count  on  securing  normal  or  nearly  normal 
vision,  and  can  be  sure  that  the  effect  is  permanent.  Both  eyes 
should  not  be  operated  on  at  once,  as  some  accident  or  intercurrent 
disease  may  cause  the  loss  of  both.  By  operating  on  the  two  eyes 
at  different  times,  we  profit  in  the  second  eye  by  the  experience 
gained  in  treating  the  first,  as  to  the  peculiarities  of  the  patient  and 
the  behavior  of  the  eye  as  to  reaction,  etc.  The  same  rule  applies  to 
all  double  cataracts. 

Circumscribed  stationary  lenticular  opacities  should  be  treated  on 
the  same  principles.  If  the  fellow  eye  is  good,  no  operation  is  neces- 
sary on  the  affected  one.  If  it  is  defective  or  has  been  removed,  the 
question  of  operation  will  be  determined  by  the  amount  of  visual 
impairment,  the  presence  of  complications,  and  the  help  afforded  by 
correcting  lenses.  The  operation  will  be  that  of  solution  or  extrac- 
tion, according  to  the  patient's  age  and  the  consequent  hardness  of 
the  lens  and  the  size  of  its  nucleus. 

Progressive  lenticular  opacities  should,  if  slight,  be  treated  by 
what  means  we  have  to  retard  the  progress.  Careful  correction  of 
refraction,  including  the  acquired  myopia,  and  measures  to  improve 
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the  general  health,  together  with  the  treatment  of  any  pronounced 
dysc?asia,  such  as  diabetes,  nephritis,  etc.,  will  often  render  excellent 
aid  in  retarding  the  development  of  a  cataract.  Correction  of  the 
refraction  lessens  the  choroidal  disturbance  caused  by  eyestrain, 
and  in  this  way  contributes  to  better  nutrition  of  the  iens.  ine 
improvement  of  vision  which  lenses  bring  about  is  also  a  source  ot 
the  greatest  satisfaction  in  some  cases.  There  is  plenty  of  evidence 
to  show  that  these  measures  are  of  undoubted  value,  and  they  should 
be  tried  faithfully.  We  have  spoken  of  the  futility  of  '  absorption 
treatments"  and  drugs.  Alteratives  undoubtedly  exercise  a  benefacial 

influence  in  some  cases.  +  j-i 

As  in  zonular  cataract,  so  in  progressive  lenticular  cataracts,  dila- 
tation of  the  pupil  by  mydriatics  or  the  performance  of  an  iridectomy 
may  assist  in  obtaining  temporary  improvement  of  vision.  As  a  rule, 
these  measures  are  worthy  of  trial  only  when  the  vision  of  the  other 
eye  is  seriously  impaired  or  altogether  absent.  In  behalf  of  iridec- 
tomy it  may  be  said  that  its  performance  at  some  time  before 
extraction  of  the  lens  renders  the  latter  operation  easier  and  safer. 

In  some  cases  contraction  of  the  pupil  by  myotics  (pilocarpine 
and  eserine)  will  be  found  to  improve  the  vision  when  the  centre  of 
the  lens  is  clear  or  tolerably  clear.  _         •  u  +  +   +  + 

In  deciding  on  the  use  of  mydriatics  or  myotics,  it  is  best  to  test 
the  patient's  vision  with  the  eye  under  their  influence  at  his  occu- 
pation or  in  going  around,  to  see  if  his  condition  is  improved,  before 
suggesting  their  use  or  advising  an  iridectomy,  for,  although  they 
may  help  the  patient  to  see  more  letters  on  the  test-card,  they  may 
not  render  his  vision  any  more  useful  in  any  other,  way,  and  their 
use  would  be  wholly  unsatisfactory.  _  .  f 

The  utility  of  ripening  operations  for  hastening  the  maturity  ol 
lenticular  opacities  is  questionable.  Most  operators  prefer  to  extract 
an  umipe  lens  rather  than  resort  to  them.  _  •  • 

The  operation  of  removal  of  the  lens  in  progressive  opacities  is, 
as  a  rule,  best  deferred  until  maturity.    This  is  not  necessary  m 
soft  cataracts— i  e.,  in  patients  under  thirty-five  years  oi  age,  m 
whom  the  operation  of  solution  is  apphcable.    In  senile  cataracts 
it  is  best  to  wait  until  maturity.    The  lens  is  then  removed  by  extrac- 
tion   When  the  patient  has  a  mature  cataract  m  one  eye  and  the 
lens  of  the  other  eye  is  clear,  it  is  well  to  advise  removal  pf  the 
cataract  for  the  following  reasons:  it  improves  his  field  of  vision  by 
enabling  him  to  see  at  least  large  objects  on  the  affected  side,  and 
this  prevents  him  from  being  run  into  or  from  running  into  objects 
and  other  persons.    The  eye  may,  from  accident  to  the  other  or  the 
development  of  cataract  or  other  disease  in  it,  be  at  some  time  his 
main  dependence,  and  the  vision  will  be  better  if  it  is  allowed  to 
be  exercised  by  removal  of  the  lens  than  if  it  is  excluded  from  the 
visual  act  for  years  maybe  by  the  cataract.    Amblyopia  froni  disuse 
may  develop  in  an  eye  which  is  affected  with  cataract,  particularly 
in  children. 


506 


THE  EYE. 


Complicated  cataracts  are  a  law  unto  themselves.  In  general,  if 
the  other  eye  possesses  good  vision,  comphcated  cataracts  had  better 
be  let  alone.  If  the  other  eye  does  not  possess  and  cannot  be  made 
to  obtain  useful  vision,  operation  should  be  resorted  to,  even  if  the 
chance  of  success  is  small.  Solution  or  extraction  should  be  per- 
formed, according  to  the  age  of  the  patient. 

The  operative  treatment  of  cataract  comprises  several  operations. 
For  hastening  maturity  in  unripe  cataract,  various  ripening  opera- 
tions have  been  devised.  For  the  removal  of  opaque  lenses,  the 
operation  may  be  that  of  depression,  or  solution,  or  extraction.  For 
the  membranous  opacities  classed  as  secondary  or  after-cataracts, 
the  operation  of  capsulotomy  may  be  done.  For  occlusion  of  the 
pupil  after  the  removal  of  the  lens,  various  operations  on  the  iris, 
such  as  iridectomy,  iridotomy,  etc.,  may  be  required. 

General  Considerations.    See  Chapter  XIV. 

The  operation  of  depression  was  formerly  extensively  practised, 
but  was  abandoned  because  the  eyes  were  subsequently  lost,  either 
from  glaucoma  or  iridochoroiditis,  caused  by  the  lens  acting  as  an 


Fro.  2!)n 


Eye  speculum. 


Fio.  291. 


Fixation  forccp: 


Fig.  292. 


Hayes'  knife  needle. 


Fig.  293. 


t.LENTZUSttUS 


Broad  paracentesis  needle. 


irritating  substance.  The  operation  consists  in  displacing  the  lens 
downward  and  backward  into  the  vitreous.  The  instruments  required 
are  a  wire  speculum  (Fig.  290),  toothed  fixation  forceps  (Fig  291), 
and  a  broad  needle  (Fig.  293).    The  lids  being  separated  by  the 
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speculum,  the  conjunctiva  and  subconjunctival  tissue  are  grasped  with 
?he  fixation  forceps  to  steady  the  eye,  and  the  needle  entered  either 
at  the  margin  of  the  cornea  or  in  the  sclera  behind  the  iris,  it  is 
placed  against  the  posterior  surface  of  or  thrust  into  the  lens,  and 


Fio.  294. 


Straight  cataract  needle. 


by  a  lever-like  action  forces  it  downward  and  backward.  The  needle 
is  then  carefully  and  quickly  withdrawn.  The  immediate  results  ot 
this  operation  are  brilUant,  unless  the  lens  rises  to  its  normal  position 
again  The  ultimate  results  are  usually  loss  of  the  eye  from  subse- 
quent inflammation  or  glaucoma.  The  operation  is  only  justifaab  e 
in  those  so  feeble  from  age  or  disease  that  they  would  probably  not  do 
well  under  the  operation  of  extraction,  but  to  whom  it  is  desired  to 
give  some  sight  during  their  short  remainder  of  life. 

The  operation  of  solution  or  discission  is  apphcable  to  cataracts 
in  young  people.  The  age  limit  is  variously  stated  as  from  fifteen 
to  thirty-five  years.  We  would  prefer  it  on  patients  under  thirty 
vears  of  age.  The  operation  consists  in  making  an  opemng  m  the 
anterior  capsule  and  lens,  and  submitting  the  latter  to  the  action 
of  the  aqueous  humor.  We  have  seen  that  this  causes  the  lens 
fibres  to  become  opaque,  swell,  and  ultimately  absorbed.  Anterior 
and  posterior  capsular  cataracts  (if  they  reqmre  treatment),  zonular 
cataract,  progressive  juvenile  cataracts,  and  other  opacities  oi  the 
lens  in  young  people,  are  to  be  treated  by  this  operation.  _ 

The  pupil  is  first  fully  dilated  with  atropine.    The  lids  being  sepa- 
rated and  the  eyeball  fixed,  as  in  the  preceding  operation,  a  sma 
needle,  or  a  knife  needle  (Fig.  292),  is  thrust  through  the  cornea  well 
toward  the  periphery,  and  carried  to  the  centre  of  the  pupil  ary  space. 
The  point  of  the  needle  is  entered  through  the  centre  of  the  capsule 
into  the  lens,  and  in  withdrawing  it  the  opening  is  slightly  enlarged. 
The  needle  is  quickly  withdrawn  from  the  cornea,  without,  as  a  ru  e, 
losing  the  aqueous  humor.    It  is  well  at  the  first  operation  to  make 
a  very  small  opening,  since  we  do  not  know  how  the  lens  or  eye 
will  react.    Should  no  irritation  show  itself,  and  the  change  produced 
in  the  lens  be  slight,  a  freer  opening  may  be  made  m  a  few  days 
and  in  the  same  manner.    A  generous  central  T-shaped  or  crucial 
incision  is  a  good  form,  and  is  followed  usually  by  rapid  swelling  of 
the  lens,  which  protrudes  through  the  capsular  opening  and  fills  the 
anterior  chamber  with  broken,  swollen,  and  opaque  fibres.  These 
may  be  removed  from  the  eye  by  simple  hnear  extraction  {q.  v.). 
Pain  in  the  eye  and  increased  tension  (glaucoma)  necessitate  this 
operation  at  once,  and  it  promptly  relieves  these  symptoms.  If 
this  is  not  done,  the  lens  slowly  absorbs.    This  process  may  be 
hastened  by  breaking  down  the  larger  masses  by  needling  or 
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further  opening  of  the  capsule.  Complete  absorption  requires  from 
two  to  six  months,  and  during  this  time  the  eye  should  be  kept 
constantly  under  the  influence  of  atropine.  A  drop  of  a  solution  of 
two  to  four  grains  to  the  ounce  is  instilled  into  the  eye  from  one 
to  four  times  a  day.  On  account  of  the  time  it  takes  the  lens  to 
absorb,  it  is  advisable  to  remove  some  of  it  by  simple  linear  extrac- 
tion when  possible.  The  absorption  of  the  lens  usually  leaves  an 
after-  or  secondary  cataract,  which  requires  operation.  After  this 
the  eye  requires  a  high  strong  convex  lens  to  enable  it  to  see.  When 
the  lens  has  been  partially  absorbed  as  the  result  of  discission,  a 
method  to  hasten  the  attainment  of  vision  has  been  proposed  by 
Dr.  G.  C.  Savage,  and  is  as  follows :  A  needle  is  introduced  into  the 
eye  and  the  centre  of  the  lens  cleared  by  pushing  the  fragments  toward 
the  periphery.  In  this  way  a  clear  pupil  may  be  obtained  some 
weeks  before  it  would  be  available  by  the  process  of  absorption. 

Operations  of  discission,  and  capsular  operations  may  be  considered 
"office  operations,"  and  can  be  done  on  a  couch  or  with  the  patient 
sitting  in  a  chair  and  resting  his  head  against  the  body  of  the  surgeon, 
who  stands  behind  liim.  Subsequent  rest  is  desirable,  but  subse- 
quent innnobility  is  not  essential. 

Ripening  Operations.  These  consist  in  procedures  whose  essential 
part  is  the  application  of  massage  to  the  lens  for  the  purpose  of  so 
disturbing  the  superficial  portions  that  opacification  of  the  outer 
cortical  portion  is  hastened.  Their  main  influence  is  exerted  on  the 
peripheral  layers  of  the  cortex  anteriorly. 


Fro.  295. 


r 
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Fig.  296. 


Capsule  forceps. 


Fig.  297. 


McClure's  iris  scissors. 


Instruments.  Speculum  (Fig.  290),  fixation  forceps  (Fig.  291), 
keratome  or  paracentesis  needle  (Fig.  293),  blunt  probe  or  trowel- 
shaped  spatula,  iris  forceps  (Fig.  295),  and  iris  scissors  (Fig.  297). 
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An  iridectomv  or  simple  paracentesis  corneffi  is  clone,  and  mas- 
sage appiec  to  tL  lens,  either  directly  by  the  probe  or  spatula 
Xc&to  the  anterior  chamber,  or  the  lens 
the  cornea.    The  movements  are  rotary  and  very  gentle.  Discission 
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Graefe  knife. 
Fig.  299. 


Baeder's  knife  (right  and  left). 


is  also  sometimes  used  for  the  purpose  of  ripening  cataracts^  The 
present  view  of  the  method  may  be  well  expressed  m  Knapp  s  words. 
-All  these  procedures  have  the  disadvantage  of  being,  in  a  number 
of  cases,  either  totally  or  partially  ineffic  ent,  besides  adding  to  the 
removal  of  the  cataract  another  surgical  procedure  which  has  not 

^llTs^opT^^^^      extract  immature  cataracts  rather  than 

--^1^  oTtil  to  operations  whereby 

the  lens  or  the  greater  portion  of  it  is  removed  at  one  ^^ttmg.  Ihe 
different  procedures  may  be  grouped  under  the  heads  of  (1)  simple 
linear  extraction,  and  (2)  extraction  of  hard  cataract 

Simple  linear  extraction  is  apphcable  to  soft  cataracts-t.  e.,  m 
persTns  under  the  age  of  thirty  years-and  to  traumatic  cataracts. 

''^t^t^J^:^  atropine,  local  anesthesia  iiKjuced  tl. 
Uds  separated  by  a  speculum,  and  the  eye  grasped  with  fixation 
foLps  as  already  described.    A  narrow  keratome  or  broad  needle 
rentered  through  the  cornea  just  within  its  clear  margin,  and  usually 
at  the  point  nelrest  the  external  canthus.    By  pushing  the  instru- 
ment forward,  and,  if  necessary,  by  a  lateral  ---f;^  ^  ^  ^^^^^ 
drawing  it,  an  incision  about  5  mm.  long  is  made.    The  mstiument 
should  be  withdrawn  very  slowly  to  permit  gradual  emptying  of  the 
anterior  chamber,  as  rapid  evacuation  of  the  aqueous,  especia  ly 
if  the  tension  of  the  eyeball  is  increased,  may  be  accompanied  by 
sensations  which  cause  the  patient  to  become  alarmed  and  move 
If  the  operation  is  undertaken  as  the  primary  operation  on  a  sptt 
cataract  the  capsule  may  be  incised  by  the  same  instrument  which 
makes  the  corneal  incision,  by  directing  its  point  backward,_or  this 
may  be  done  with  a  cystotome  (Fig.  300)  after  withdrawing  the 
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first  instrument.  Frequently  the  operation  is  done  on  traumatic 
cataracts,  or  on  soft  cataracts  already  discissioned.  In  either  of  these 
events  the  anterior  chamber  will  contain  lens  matter.  This  is  re- 
moved by  opening  the  corneal  incision  by  pressure  on  its  posterior 
lip  with  a  delicate  spatula  or  spoon  (Fig.  304),  and  the  escape  of 
the  lens  matter  further  facilitated  by  gentle  counter-pressure  and 
stroking  at  the  point  opposite  the  incision.  This  manoeuvre  is  con- 
tinued until  the  lens  matter  is  evacuated  as  thoroughly  as  possible. 
The  eye  is  then  bathed  with  an  antiseptic  solution,  atropine  instilled, 
and  a  monocular  dressing  applied.  It  is  rarely  necessary  to  combine 
an  iridectomy  with  this  method.  A  modification  of  simple  hnear 
extraction  consists  in  extraction  of  the  lens,  when  sufficiently  fluid, 
by  suction.  A  curette  with  a  hollow  handle  and  partially  covered 
bowl  is  introduced  into  the  eye,  and,  by  means  of  a  rubber  tube 
attached  to  the  end  of  the  handle,  the  operator  draws  the  lens 
matter  out  by  suction  with  his  mouth.  The  same  result  is  attained 
by  means  of  a  piston  syringe,  but  this  method  is  not  much  prac- 
tised. Another  modification  consists  in  irrigating  the  anterior  cham- 
ber, as  will  be  described  in  treating  of  the  extraction  of  hard  cataract. 

It  occasionally  happens  that  a  patient  over  thirty  years  of  age 
desires  operation  on  a  cataract  which  is  either  congenital  or  appeared 
during  childhood.  It  should  be  treated  as  if  it  had  developed  but 
recently ;  that  is,  by  extraction,  as  if  it  were  a  hard  cataract,  which 
it  will  have  by  this  time  become,  if  not  manifestly  liypermature. 

Extraction  of  hard  cataract  may  be  performed  in  one  of  three 
principal  ways:  1.  After  a  preliminary  iridectomy.  2.  Combined 
with  an  iridectomy  done  as  a  step  of  the  operation.  3.  Without 
iridectomy  (simple  extraction). 

1.  Extraction  ArrER  Preliminary  Iridectomy.  This  is  probably 
the  safest  of  all  methods  of  extracting  a  hard  cataract,  but  has  the  dis- 
advantage of  subjecting  the  patient  to  the  danger  and  inconvenience 
of  two  operations  involving  opening  of  the  eyeball.  With  much  to  be 
said  in  its  favor  on  the  score  of  safety,  it  is  practised  comparatively 
seldom.  The  iridectomy  is  to  be  done  as  described  in  Chapter  VIL, 
about  six  weeks  before  the  extraction  of  the  lens,  which  should  not 
be  undertaken  until  all  signs  of  irritation  following  the  first  operation 
have  disappeared.  The  technique  of  the  extraction  will  be  the  same 
as  to  be  presently  described. 

2.  Extraction  with  iridectomy  is  the  best  operation  for  those  of 
limited  experience  with  the  cataract  operation.  Its  difficulties  and 
dangers  are  fewer  than  those  of  the  simple  method  and  are  easier 
to  avoid.    It  is  usually  performed  as  follows: 

Instruments.  A  Graefe  knife  (Fig.  298)  (it  is  well  to  have  two 
at  hand),  a  stop  speculum  (Fig.  290),  Ud  elevator,  fixation  forceps 
(Fig.  291),  iris  forceps  (Fig.  295),  iris  scissors  (Fig.  297),  a  blunt 
knife  (Fig.  307)  or  scissors  for  enlarging  the  corneal  wound,  cysto- 
tome  (Fig.  300),  silver  spatula  (Fig.  304),  spoon  (Fig.  302),  wire  loop 
(Fig.  303),  and  blunt  hook  (Fig.  301).    The  lids  may  be  separated 
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with  a  siDeculum  or  by  a  lid  elevator  under  the  upper  lid,  held  by 
Tass^^niM^o  draws  down  the  lower  lid  with  the  finger  ot  the 
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Graefe's  cystotome. 
Fig.  301. 


Tyrell's  blunt  hook. 
Fig.  302. 


David's  lens  scoop. 
Fig  303. 

Levis'  wire  loop. 
Fig.  304. 


Spatula,  shell  or  silver. 
Fig.  305. 


Wecker'8  iris  scissors. 
Fig.  306. 


The  incision  in  cataract  extraction.  Puncture  and  counter-puncture  have  been  made.  The  sec- 
tion will  pass  in  its  whole  extent  exactly  through  the  transparent  margin  of  the  cornea,  the  ku  e 
remaining  in  the  same  plane  throughout.   (Slightly  modified  from  de  Schweimtz,  Diseases  of  the 


Eye,  third  edition.) 


Fig-  307. 


Desmarres'  secondary  knife,  straight. 
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other  hand.  As  it  is  often  necessary  to  operate  without  skilled 
assistance,  or  without  an  assistant  to  whom  the  operator  is  accus- 
torned,  it  is  desirable  to  get  in  the  habit  of  operating  without  an 
assistant.  It  is  preferable  to  have  no  assistant  rather  than  a  poor 
one.  The  operator  stands  behind  the  patient,  holding  the  cataract 
knife  in  the  right  hand  and  fixation  forceps  in  the  left  for  the  right 
eye,  and  vice  versa  for  the  left.  The  eye  is  grasped  below  the  cornea 
with  fixation  forceps,  and  if  a  lid  elevator  is  used,  these  forceps  may 
now  serve  to  hold  the  lower  lid  out  of  the  way.  The  incision  is  to 
be  made  in  an  upward  direction.  The  eyeball  is  rotated  downward 
and  the  point  of  the  cataract  knife  entered  just  within  the  clear 
margin  of  the  cornea,  and  at  a  point  which  is  the  temporal  extremity 
of  a  line  parallel  to  a  tangent  to  the  corneal  summit,  and  dividing 
the  cornea  into  two  portions,  the  upper  portion  of  which  is  one-third 
of  the  cornea.  The  Imife  enters  the  cornea  at  right  angles  to  its 
surface,  and  as  soon  as  the  point  is  seen  to  have  penetrated  the 
cornea  the  handle  is  depressed  until  the  point  of  the  knife  is  directed 
straight  across  the  anterior  chamber  from  the  site  of  the  puncture, 
and  the  surface  of  the  blade  lies  parallel  to  the  surface  of  the  iris. 
The  knife  is  pushed  forward,  emei'ging  from  the  cornea  at  a  point 
(counter-puncture)  diametrically  opposite  the  puncture.  (Fig.  306.) 
Up  to  this  time  the  aqueous  humor  is  preserved,  and  the  point  of 
the  knife  seen  through  it  lies  farther  backward  than  it  seems.  The 
handle  of  the  knife  should  be  carried  well  backward  toward  the 
external  canthus,  or  the  points  of  puncture  and  counter-puncture 
will  not  correspond,  and  an  irregular  wound  will  be  made.  As  soon 
as  the  point  emerges  from  the  eye  the  blade  is  pushed  firmly  inward 
and  upward  to  its  full  length,  and  then  drawn  back,  still  pressing  it 
upward.  These  two  cuts  will  sometimes  sever  the  cornea  throughout 
its  extent,  but  frequently  a  bridge  remains  requiring  further  to-and-fro 
movements  of  the  knife  to  divide  it.  The  knife  should  be  held  with 
its  blade  parallel  to  the  plane  of  the  iris  throughout,  and  if  this  is 
done  a  smooth  corneal  incision  results,  with  a  small  conjunctival  flap 
at  the  apex  of  the  corneal  flap.  The  knife  is  now  laid  aside,  and 
the  fixation  forceps  tiirned  over  to  an  assistant  or  dispensed  with  if 
the  patient  is  docile.  The  surgeon  takes  the  iris  forceps  in  his  left 
hand  between  the  thumb  and  index  finger,  and  the  iris  scissors  in 
the  right  hand.  The  closed  iris  forceps  are  gently  insinuated  into 
the  wound,  passed  to  the  pupillary  border  of  the  iris  opposite  the 
centre  of  the  wound,  opened  sliglitly,  and  made  to  grasp  the  iris 
at  the  pupillary  border.  They  are  then  withdrawn,  bringing  with 
them  a  fold  of  the  iris,  which  is  drawn  out  of  tlie  wound  as  far  as 
possible  and  cut  off  smooth  with  the  cornea  by  means  of  the  scissors. 
The  fixation  forceps  may  or  may  not  now  be  reapplied.  The  cysto- 
tome  is  then  introduced  flatwise,  carried  to  the  centre  of  the  pupillary 
space  and  turned,  so  that  its  point  is  directed  toward  the  capsule. 
This  is  then  freely  cut,  not  torn,  in  such  a  manner  as  to  give  a  suf- 
ficient opening  for  the  lens  to  escape.    Some  operators  make  extensive 
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i„egular  incisions,  others  malce  incisions  m  the  shape  o^^^^os.,t^^ 
Xslrinc^taia,.^  ^^^B^'^  ^ 
loop  in  the  other.   The  speculum  or  elevator  may  be  ^emovea 

made  to  do  so  by  pressure  on  its  upper  lip  with  tne  msmu 
Tthe  other  hand  By  continuing  the  upward  pressure  the  lens  is 
IX  delivered  from  tie  eye  (Fig.  308)  and  e-ght  -^^^^^^  ^h^^ 
instruments  held  by  the  operator,  and  removed  from  t^e  eye  -li 
o?  ellvator  lias  not  already  been  removexl  it  shou  d 
be  removed  now,  and  the  patient  allowed  to  rest,  with  the  assurance 


Fig.  308. 


Fig.  309. 


/ 


FIG.  308.-DeUvery  of  the  lens.  Tbe  lens  is  P^e^^enting 
in  the  wound  (capsulotomy  has  been  performed).  (De 
Schweinitz,  Diseases  of  the  Eye,  third  edition.) 

F^  309^The  manner  of  applying  the  dressings  after 
cataract  extraction. 


that  the  operation  is  over.    In  a  few  minutes  he  is  told  to  open  the 
eve  and  the  ''toilet  of  the  wound"  is  made.    If  any  portions  of  the 
iJns  remain  in  the  eye,  they  are  coaxed  toward  the  corneal  wound 
bv  strokfng  the  cornea  with  the  back  of  the  spoon,  and  delivered  as 
the  lens  wis  b^  pressure  on  the  cornea.    It  is  best  not  to  introduce 
anv  instmment  into  the  anterior  chamber  to  facilitate  removal 
o^th  s  cl6bHs.    A  slender  spatula  is  introduced  however,  to  ensure 
lanl  ness  of  the  wound,  and  to  replace  by  gentle  stroking  the  edges 
of  the  CO  oboma  of  the  iris.    All  the  clotted  blood  and  other  material 
is  removXrmn  the  conjunctiva  by  moist  pledgets  of  sterilized  gauze 
or  bv  the  iris  forceps,  the  small  conjunctival  flap  smoothed  out,  a 
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drop  of  atropine  mstilled,  and  the  dressings  applied.  These  consist 
of  squares  of  sterilized  gauze  two  inches  square  and  two  layers  thick, 
wet  with  1 : 5000  mercmic  chloride,  then  a  small  pad  of  sterilized 
absorbent  cotton,  both  eyes  being  so  covered,  and  the  whole  held  in 
place  by  strips  of  isinglass  or  adhesive  plaster  applied  as  follows: 
The  first  strip  passes  over  both  dressings  from  temple  to  temple. 
A  second  strip  passes  from  the  cheek  of  the  operated  side  upward 
and  inward  across  the  pad  over  the  operated  eye  to  the  forehead 
over  the  sound  eye.  A  third  passes  from  the  cheek  of  the  sound  side 
across  the  pad  over  that  eye  to  the  forehead  over  the  operated  eye. 
(Fig.  309.)  Over  this  is  placed  a  mask  made  of  some  light  stiff  mate- 
rial, to  protect  the  eye  from  accidental  injury.  The  hands  of  the 
patient  may  be  fastened  by  a  strip  of  bandage  tied  to  each  wrist  and 
to  the  post  at  the  foot  of  the  bed  on  the  same  side,  these  strips  being 
just  short  enough  to  prevent  the  patient  touching  the  eyes  with  the 
hand. 

The  writer  prefers  the  above  dressing  to  the  roller-bandage,  because 
it  is  easier  to  apply,  does  not  necessitate  raising  the  patient's  head, 
and  is  cool,  clean,  and  comfortable.  It  makes  sufficient  pressure,  and 
this  cannot  be  increased  by  turning  the  head.  The  strings  to  the 
mask  can  be  easily  insinuated  under  the  patient's  head  without 
moving  the  head,  and  should  be  of  unequal  length,  so  that  the 
knots  will  be  on  the  side  of  the  face  next  to  the  operated  eye. 
In  this  position  the  patient  will  not  he  on  them,  and  they  are 
accessible. 

3.  Extraction  without  iridectomy,  or  simple  extraction,  is  the 
operation  of  selection  by  many  surgeons  of  large  experience.  It 
leaves  the  eye  more  natural  looking— indeed,  in  some  cases  it  cannot 
be  told  that  an  operation  has  been  done  on  the  eye.  But  it  has  never 
been  shown  that  the  visual  results  are  better  than  by  the  combined 
method,  while  its  performance  requires  more  operative  dexterity, 
and  convalescence  is  apt  to  be  interrupted  by  certain  complications 
which  do  not  obtain  in  the  combined  operation. 

The  same  instruments  are  required  as  for  the  combined  operation. 
The  operation  is  performed  in  the  same  way  up  to  the  stage  of  making 
the  iridectomy,  except  that  it  is  important  that  the  incision  lies 
within  the  clear  cornea.  The  C3^stotome  is  introduced  immediately 
after  the  incision  is  completed,  and  the  capsule  cut  as  already  de- 
scribed. The  speculum  may  or  may  not  be  removed  at  this  time, 
and  the  lens  delivered  as  already  described.  Particles  of  lens  matter 
are  coaxed  into  the  pupil  and  thence  out  through  the  wound,  as  in 
the  other  operation.  The  iris  is  then  carefully  replaced  by  stroking 
with  a  spatula.  If  it  refuses  to  stay  in  position,  but  prolapses  in 
spite  of  being  reduced,  a  portion  of  it  should  be  excised  (iridectomy). 
The  iris  may  be  so  bruised  or  torn  by  delivery  of  the  lens  that  it 
is  best  to  excise  the  bruised  part.  Otherwise,  eserine  (^  gr.  to  1  oz.) 
may  be  instilled  to  keep  the  iris  drawn  inward  from  the  wound, 
and  the  dressing  applied. 
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Modifications  of  the  Operation.    The  original  cataract  extraction 
was  what  is  known  as  the  flap  operation,  the  J^^^^^,^  .^7?/;^^^^^^ 
one-half  of  the  corneal  circumference.    The  length  of  this  has  been 
variously  modified,  so  as  to  include  any  portion  from  one-fourth  to 
one-half  of  the  cornea.    A  3  mm.  flap  or  "short  flap,"  as  it  is  called 
is  popular    A  very  important  modification  was  Graefe  s  peripheral 
lineT  incision.    The  kidfe  was  entered  at  a_  point  1  inm.  from  the 
corneal  margin  and  2  mm.  below  a  tangent  to  its  summit,  and  brought 
out  at  a  similar  point  on  the  other  side.    The  mcision  was  about 
10  mm.  long,  and  but  slightly  curved.    Iridectomy  was  always  done. 
The  operation  is  not  popular,  because  the  conjunctiva  is  cut  freely 
and  bleeds  to  an  annoying  degree,  and  the  position  of  the  wound 
favors  loss  of  vitreous  and  cyclitis.    Mention  may  be  made  of  the 
downward  incision,  and  of  one  lying  in  the  cornea  and  near  its 
centre.    These  are  rarely  used. 

Instead  of  delivering  the  lens  by  pressure  below  with  a  spoon,  the 
speculum  may  be  removed  and  the  pressure  made  with  the  lower  lid. 

The  anterior  chamber  may  be  irrigated  to  remove  fragments  of  the 
lens  cortex  which  remain  behind.    This  is  done  by  specially  con- 
structed syringes  having  curved  and  flattened  points  made  of  gold. 
The  best  fluid  is  a  0.6  per  cent,  saline  solution,  which  should  be  warm 
and,  of  course,  sterile.  Boric  acid  may  be  used,  but  stronger  solutions 
will  damage  the  cornea.    This  method  is  not  much  in  vogue  as  it 
is  somewhat  troublesome  and  not  specially  advantageous.    A  com- 
promise between  the  simple  and  combined  methods  has  been_  effected 
by  some  operators,  as  follows:  instead  of  grasping_  the  iris  at  its 
pupillary  border  with  the  iris  forceps,  withdrawing  it,  and  making 
an  iridectomy,  a  small  fold  of  iris  is  picked  up  midway  between  the 
root  of  that  membrane  and  its  pupillary  border,  drawn  to  the  wound, 
and  cut  off,  so  as  to  leave  a  small  hole  in  the  ins.    This  operation 
leaves  a  round  pupil,  and  by  affording  a  passage  for  the  aqueous 
humor  from  the  posterior  to  the  anterior  chamber  near  the  corneal 
wound,  is  thought  to  be  less  likely  to  be  followed  by  prolapse  of  the 
iris    In  certain  cases  where  prolapse  of  the  vitreous  is  especially 
apt  to  occur,  or  as  an  extraordinary  precaution  against  prolapse  ot 
the  iris  after  the  simple  operation,  Kalt  has  proposed  the  cornea 
stitch     It  is  of  fine  silk,  and  is  inserted  before  making  the  corneal 
incision  in  the  same  manner  as  the  Lembert  intestinal  suture  is  in- 
serted.   A  fine  rounded  needle  is  used,  and  the  central  loop  is  left 
very  long,  so  that  it  can  be  drawn  out  of  the  way  of  the  instruments 
used  during  the  operation.    After  the  completion  of  the  _  operation 
the  ends  of  the  suture  are  drawn  taut  and  tied.    A  portion  of  the 
anterior  capsule  may  be  removed  by  specially  devised  forceps,  or  by 
iris  forceps.    This  is  desirable  if  the  capsule  is  thickened.    An  attempt 
should  be  made  to  make  a  more  or  less  circular  cut  with  the  cystotome 
if  this  procedure  is  contemplated. 

Some  operators  omit  the  capsulotomy,  and  attempt  to  rupture  the 
zonule  of  Zinn  and  remove  the  lens  in  its  capsule.    This  is  done  by 
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pressure  with  the  spoon  at  the  margin  of  the  cornea.  It  renders  loss 
of  vitreous  more  probable,  but  when  successful  leaves  a  perfectly 
clear  pupil.    It  is  not  much  in  vogue. 

Choice  of  Operation.  The  safest  method  is  that  of  preliminary 
iridectomy,  followed  by  removal  of  the  lens  after  some  weeks.  The 
patient  is  subjected  to  the  danger  of  two  operations,  but  the  operator 
will  have  gained  the  patient's  confidence  and  some  knowledge  of  his 
behavior  and  that  of  the  eye.  It  should  certainly  be  done  if  the  other 
eye  has  been  operated  on  unsuccessfully. 

The  choice  between  the  two  principal  methods,  with  and  without 
iridectomy,  is  a  matter  on  which  opinions  differ.  The  occasional 
operator  had  better  use  the  former  method,  since  it  is,  on  the  whole, 
easier  to  perform,  and  the  visual  results  are  quite  as  good  as  by  the 
simple  method.  It  is  well,  at  any  rate,  to  make  the  corneal  incision 
as  above  described,  and  do  the  iridectomy  if  delivery  of  the  lens  is 
not  easy,  or  if  the  iris  tends  to  prolapse.  When  the  iris  is  rigid  or 
in  the  least  discolored,  or  if  the  patient  is  restless,  or  if  the  incision 
has  been  placed  other  than  within  the  clear  cornea,  it  is  better  to  do 
the  iridectomy  at  once,  as  the  iris  is  likely  to  prolapse  and  necessi- 
tate its  performance  later,  and  prolong  the  healing. 

An  operator  who  is  not  ambidextrous  should  take  his  position  in 
front  and  at  the  left  side  of  the  patient  in  operating  on  the  left  eye, 
and,  inserting  the  knife  with  the  right  hand,  cut  upward— i.  e.,  away 
from  himself.  To  avoid  the  necessity  of  assuming  this  position, 
angular  knives  (Fig.  299)  have  been  devised,  by  which  the  incision 
is  made  by  entering  the  cornea  to  its  nasal  side.  They  are  seldom 
used. 

Accidents  during  the  Operation.  The  knife  may  be  inserted  upside 
down.  It  should  be  turned  in  the  wound  and  the  operation  proceeded 
with,  or  the  knife  may  be  withdrawn  and  the  operation  postponed. 
As  the  aqueous  is  lost  by  withdrawing  the  knife  and  the  iris  and 
the  cornea  lie  in  contact,  the  knife  cannot  be  reinserted. 

The  iris  may  fall  over  the  edge  of  the  knife.  By  raising  the  knife 
it  may  be  disengaged ;  but  if  not,  the  incision  should  be  completed, 
the  fold  of  the  iris  being  cut  through.  Then  with  the  iris  forceps, 
the  cut  portion  of  the  iris  is  drawn  out  and  the  wound  made  as  nearly 
an  ordinary  iridectomy  as  possible. 

Loss  of  some  of  the  vitreous  humor  is  a  common  accident.  It  is 
rendered  less  apt  to  occur  by  removal  of  the  speculum  at  the  com- 
pletion of  the  capsulotomy.  If  this  is  not  done  and  a  bead  of  vitreous 
presents  in  the  wound  at  any  stage  of  the  operation,  the  speculum 
should  at  once  be  removed  and  the  patient  allowed  to  rest  a  moment. 
If  the  lens  has  not  been  extracted,  the  attempt  to  deliver  it  by  press- 
ure in  the  usual  way  would  probably  result  in  loss  of  the  vitreous. 
Therefore,  no  pressure  should  be  made  on  the  ball,  but  the  lens  should 
be  removed  by  the  wire  loop  gently  passed  through  the  wound  and 
under  the  lens.  Loss  of  vitreous  usually  occurs  after  delivery  of  the 
lens.    Fluidity  of  the  vitreous  or  a  sudden,  voluntary  squeezing  of 


DISEASES  OF  THE  CRYSTALLINE  LENS. 


517 


FlQ.  310. 


the  muscles  around  the  eye,  or  an  nwoluntary  ^^^^^^^f^^^ 
recti  muscles,  may  cause  the  loss  of  a  considerable  J?^''\f.^'^;^^^ 
If  this  is  not  sufficient  to  cause  collapse  of  the  globe  it  is  usually 
not  a  serious  matter  and  requires  no  treatment,        if  the  eyebaU 
colhDses   warm  sterilized  salt  solution  (0.6  per  cent.)  should  be 
in  ec  e  1  inlo  the  eye  by  a  pipette  introduced  through  the  corneal 
Xncl  until  the  ball  resumes  its  rotundity.    This  will  generally  pre- 
vent any  permanent  ill  effect  from  the  accident.    If  he  wound  is 
loo  small  to  allow  the  easy  passage  of  the  lens  it  ^^of  be  enla  g^^^^ 
This  can  be  done  by  a  blunt-pointed  kmfe  (Fig.  307)  or  fine  blunt 
pointed  scissors,  such  as  Stevens'  tenotomy  scissors,  ^^f  ^".•^Z^^^" 
cumstances  should  the  lens  be  forced  through  a  wound  which  is 

'"^iLleC'lTbe'^  This  is  usually  done  in  the  attempt 

at  capsulotomy  when  the  capsule  is  thick  or  tough  ^nd  the  suspen- 
sory ligament  frail.  The  dislocation  is  generally  backward,  ihe 
Lns  should  be  caught  by  the  wire  loop  passed  through  the  wound, 
and  sentlv  drawn  from  the  eye.  ,  .  , 

HemoriLge  into  the  eye  may  occur  from  the  cut  iris  or  from  the 
ruptm-e  of  a  choroidal  vessel  due  to  lack  of  support  to  these 
Sues  which  opening  of  the  eyeball  entails.  The 
a  trivial  matter,  the  hemorrhage  ceasing  spontaneously  or  being  made 
to  cease  by  compresses  wet  with  hot 
antiseptic  solutions  being  apphed  to 
the  closed  lids.    Blood  left  in  the  an- 
terior chamber  at  the  termination  of 
the  operation  may  be  expected  to  ab- 
sorb in  twenty-four  to  forty-eight  hours 
Hemorrhage  from  the  choroid  is  fatal 
to  the  eye.    The  patient  at  any  time 
after  the  completion  of  the  corneal  in- 
cision, or  even  several  hours  after  the 
operation   is  finished,   complains  of 
severe  aching  pain  in  the  eye,  and 
there  occurs  gaping  of  the  wound, 
then  loss  of  vitreous,  and  a  free  flow 

of  blood  fining  the  ball  and  pouring    ^.^^^^^^  j^,,,  ^^.^  expelled.  The  dark 

from    the    wound.      A   compress    ana     ^^^^       t^e  choroid,  which  has  been 

bandage  should  be  applied  a  hypoder-  eve-whe.^^  (Pre- 
mie of  morphine  given,  and  the  patient     P^^^^^^^^  y        Manhattan  Eye  and  Ear 

made  to  sit  up.  The  bleeding  will  cease  Hospital.) 
in  from  a  few  minutes  to  a  few  hours,  i  •  i 

but  the  eye  is  always  irretrievably  lost,  and  subsequently  shrinks. 
(Fig.  310.)  The  pain  may  continue  to  such  a  degree  as  to  justity 
enucleation.    The  accident  is  rare.  _        .„  i  i 

Sometimes  after  the  cataract  operation  the  patient  will  develop  a 
maniacal  condition,  probably  due  to  the  combined  mental  ettect  of 
nervousness  from  operation,  exclusion  of  light,  and  the  lack  ot  any- 


Specimen  of  choroidal  hemorrhage 
following  cataract  extraction.  The  globe 
is  filled  with  blood,  and  the  retina  and 
vitreous  have  been  expelled.  The  dark 
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thing  to  occupy  his  attention.  It  is  treated  by  sedatives,  allowing 
him  to  use  the  unoperated  eye,  and  by  having  someone  remain  by 
his  bed  to  talk  to  him  and  otherwise  "keep  him  company."  Patients 
accustomed  to  the  free  use  of  alcohol  frequently  develop  delirium 
tremens  after  this  operation,  as  after  other  surgical  operations. 

The  After-treatment  of  Cataract  Extraction.  In  a  case  which  runs  a 
normal  course  the  first  thing  to  be  observed  is  closure  of  the  wound 
and  reformation  of  the  anterior  chamber.  As  long  as  patency  of 
the  wound  permits  the  aqueous  to  flow  away  the  anterior  chamber 
is  empty  and  the  iris  rests  against  the  cornea.  Closure  of  the  wound 
is  shown  by  accumulation  of  aqueous  forcing  the  iris  back  to  its 
normal  position.  Until  this  happens  we  must  feel  some  apprehension 
of  possible  infection,  and,  in  the  simple  operation,  of  prolapse  of  the 
iris.  Closure  of  the  wound  usually  occurs  within  twenty-four  to 
thirty-six  hours.  Atropine  may  be  used  immediately  after  the  opera- 
tion in  cases  where  iridectomy  is  done ;  but  after  the  simple  operation 
should  not  be  used  until  the  wound  has  closed,  for  fear  of  inducing 
prolapse  of  the  iris.  The  eye  should  be  dressed  daily,  and  the  con- 
dition of  the  lids  observed  for  swelling  or  other  indications  of  inflam- 
mation. The  lids  should  be  separated  and  the  ball  inspected,  too,  and 
in  cases  done  without  iridectomy  the  wound  should  be  looked  at  to 
see  if  prolapse  of  the  iris  has  occurred.  As  soon  as  the  wound  closes 
the  patient  may  be  allowed  to  sit  up  and  the  sound  eye  left  uncovered. 
After  forty-eight  hours  more  the  dressings  may  be  left  off  and  dark 
glasses  or  a  shade  substituted.  Confinement  to  the  room  is  necessary 
for  at  least  a  week,  and  atropine  should  be  kept  up,  usually  three 
times  a  day,  until  the  eye  is  entirely  free  from  redness.  The  eyes 
should  not  be  used  for  reading  or  other  near  work  before  this  time. 

The  innncdiate  or  early  use  of  atropine  after  cataract  extraction 
is  justified  by  the  frequency  with  which  the  operation  is  followed  by 
at  least  a  mild  degree  of  iritis.  We  aim  to  secure  dilatation  of  the 
pupil  before  this  occurs,  which  is  generally  about  the  second  or  third 
day,  or  later.  We  observe  injection  of  the  ball,  especially  in  the 
pericorneal  zone,  slight  pain  and  tenderness,  photophobia,  and  a 
tendency  for  the  iris  to  adhere  to  portions  of  the  capsule  and  any 
remaining  fragments  of  lens.  In  favorable  cases  these  symptoms 
disappear  in  about  two  weeks. 

Patients  complain  bitterly  of  pain  in  the  back  when  confined  to 
the  bed  in  the  prone  position  for  twelve  hours  or  longer.  This  may 
be  relieved  by  slipping  a  small  pillow  under  the  small  of  the  back, 
or  by  turning  the  patient  gently  on  the  side  away  from  the  operated 
eye.  Until  the  wound  closes,  only  food  which  does  not  require  chewing 
should  be  allowed,  and  the  patient  should  be  made  to  use  the  bed- 
pan and  urinal  if  possible  rather  than  rise  or  sit  up.  The  open  method 
of  treatment,  or  that  of  placing  no  dressing  at  all  on  the  eye,  proposed 
by  Pljort,  has  not  found  followers. 

Anomalies  of  Healing.  Delayed  closure  of  the  wound  may  result 
from  entanglement  of  a  tag  of  capsule  or  other  foreign  matter  in  the 
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wound.    If  not  closed  in  thirty-six  hours,  ^  ^^^^^^^^^^ 

made  for  such  cause,  and  the  particle  removed  with  ioiceps^^re 

Ju^  Trv  trenuently.  It  usually  yields  to  atropine  but  if  severe 
mr  equS^e  esTS  be'd,  the  addition  of  cocaine,  leechmg  ™- 
presserand  antiphlogistic  doses  of  mercury.    Ice  acts  far  better  m 

*1»l'l?^nridSSisrt^b1  treated  in  the  san,e  way^ 
Thev  arrmuch  more  serious  than  simple  iritis,  and  may  result  n 

the  absence  of  uncUie  react.om  „„„pUeation  of  the  simple 

^irp^s:rufa:'ofrby^  irJt=;t- 

ered  before  inflammatory  action  has  ^.^^^^^^J^i;  coloboma 
the  prolapse  should  be  excised 

dressed  back  into  the  eye.    It  is  ^^jclly  wise  i      i  . 
and  try  to  hold  it  in  P^^^by  eserme  though  this  is  so 
If  the  prolapsed  PO^ion  is  firmly  sealed  m  th^^^^^^^ 
mation  it  may  be  mcifed  touched  mth  the  ac^^^^^^ 

alone.  It  will  eventually  shrink  and  ^^^^^^^^^'A^as  entanglement  of 
but  a  small  pigmented  spot  m  wou^^^^^^^^^^  enta  _  ^^^^  ^ 
the  iris  is  apt  to  lead  to  iritis  or  i^\docyditis  U  ^g^^  ^'otherwise, 
path  for  infection,  it  should  be  excised  when  VO^^'f^_  ^ 
lo  let  it  alone  is  preferable  to  mcision  or  th  u^^^  eomp  i "  It 
Septic  infection  is  a  clreac^ecl  anc  ^^^yj^^^^^^^  or  more 

may  arise  in  the  ^^^^^  or  from  the^^^^^^^^^^^^  ^^.^^^ 
rarely  in  the  vitreous.  .^j^^.^^^Voirs  by  operative  infection.  Sup- 
after  operation,  the  «f  ^°^^^on.    It  is  announced  by  pain 
■   puration  of  the  wound  is  i^o^V^.™""-  .        ,^ound  is  found  to 
Ld  --ked  infla—    ^^^S  nfiltStil  along  its  course. 
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like  a  ring.  The  whole  cornea  becomes  opaque,  and  usually  sloughs 
off._  The  eye  subsequently  shrinks.  Sometimes  the  suppuration 
is  limited,  and  healing  may  occur  with  some  remaining  sight  or  a 
possibility  of  obtaining  some  by  operation.  The  treatment  should 
consist  in  thorough  frequent  cleansing  of  the  eye  with  1 : 10,000 
mercuric  chloride  and  the  apphcation  of  the  actual  cautery  or  pure 
carbolic  acid  to  the  Une  of  the  wound.  These  measures  may  be 
repeated.  Subconjunctival  injections  of  mercuric  chloride  may  be 
tried,  but  are  very  painful  and  usually  useless.  But  the  course  of  the 
condition  is  nearly  always  unchecked  by  any  treatment.    If  the  sup- 
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Prolapse  of  iris  after  cataract  extraction.  The  corneal  lip  of  the  wound  is  infiltrated  and  dis- 
placed. The  lower  part  of  the  iris  is  drawn  up  by  the  exudate.  Enucleation  on  the  tenth  day  fol- 
lowing the  extraction,  x  15.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan 
Eye  and  Ear  Hospital.) 

puration  is  from  the  iris,  or  if  pus  is  seen  within  the  anterior  chamber, 
the  Avound  should  be  opened  and  the  anterior  chamber  irrigated 
with  a  boric  acid  solution.  The  introduction  of  powdered  iodoform 
or  rods  made  of  iodoform  and  gelatin  has  been  recently  tried  in  this 
condition,  and  promises  better  results  than  any  other  treatment. 
If  the  infection  is  primarily  in  the  vitreous,  injections  of  mercuric 
chloride  into  that  body  may  be  tried. 

Traumatic  striped  keratitis  is  the  name  given  to  a  form  of  corneal 
inflammation  manifested  by  parallel  gray  lines  running  in  the  corneal 
substance  from  the  wound  toward  its  centre.    It  is  due  to  bruising 
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of  the  anterior  flap  by  the  lens,  and  is  caused  by  a  too  small  wound. 

It  subsides  in  a  few  days.  +  +v>o 

Occlusion  of  the  pupil  by  the  iris  is  due  to  entanglement  of  the 
iris  in  the  corneal  wound.  It  may  occur  after  either  the  sunple  or 
combined  operation.  The  iris  is  stretched  over  the  entire  bottom  of 
the  anterior  chamber,  or  a  small  pupillary  opemng  may  be  left  near 
the  wound.    The  treatment  is  by  iridotomy. 

Custoid  Cicatrix.  This  is  a  bulging  of  a  portion  or  all  of  the  corneal 
woimd  due  to  the  cicatricial  tissue  yielding  to  intra-ocular  pressure 
The  adjacent  conjmictiva  is  sometimes  involved.  It  is  to  be  treated 
bv  a  firm  compression  bandage  worn  for  several  weeks,  ihis  some- 
times fails  to  relieve  the  condition,  under  which  circumstances  the 
site  of  the  original  wound  may  be  exposed  by  turning  up  a  small 
conjunctival  flap,  the  leaking  point  found  and  touched  with  the 

galvanocautery.  ^      .  u„Ki,r 

Glaucoma  sometimes  develops  after  cataract  extraction,  probably 
beincr  induced  by  the  use  of  atropine  in  eyes  predisposed  to  the 
disease  It  is  to  be  treated  on  the  same  principles  as  glaucoma 
occurring  under  other  circumstances,  but  as  a  rule  yields  to  the  use 
of  eserine  and  heat.  If  not,  an  iridectomy,  sclerotomy,  or  even  sym- 
pathectomy, may  have  to  be  done.  _ 

Secondary  or  After-cataracts.  In  a  majority  of  cases  there 
remains  after  the  removal  of  the  lens  a  membranous  opacity,  called 
secondary  or  after-cataract.  This  consists  of  the  posterior  capsule 
with  possibly  some  of  the  anterior  capsule,  and  it  may  be  thickened 
by  the  deposit  on  it  of  inflammatory  exudate  from  the  ins.  becond- 
ary  cataract  varies,  therefore,  in  density  from  a  filmy  membrane 
which  offers  no  obstacle  to  vision,  to  a  dense,  tough  membrane  com- 
pletely abrogating  useful  vision.  Provided  the  vision  is  not  better 
than  20/50  and  the  reduction  of  vision  is  not  manifestly  due  to 
some  other  cause,  the  membrane  should  be  divided.  The  operation 
is  known  as  capsulotomy.  It  should  not  be  done  until  the  eye  is 
entirely  free  from  the  redness  and  inflammation  following  the  primary 

^^Srumm^.s.    Speculum  (Fig.  290),  fixation  forceps  (Fig.  291), 
needle  and  knife  needle  (Fig.  292).  +i  +•  „  i 

Treatment.  The  pupil  is  dilated  with  atropine,  the  eye  anesthetized, 
the  lids  separated  by  the  speculum,  and  the  eye  grasped  with  fixation 
forceps.   Artificial  light  is  preferable,  and  should  be  concentrated  on 
the  field  of  operation  by  means  of  a  reading-glass  held  by  an  assistant. 
The  knife  needle  is  entered  near  the  corneal  margm,  and  the  membrane 
penetrated  and  cut  through  in  such  a  maimer  as  to  eave  an  opening 
in  the  centre  of  the  pupil.    This  is  very  well  accomplished  by  making 
the  incision  in  the  form  of  an  inverted  A,  the  tongue-shaped  flap 
being  pushed  backward  by  the  needle  before  it  is  withdrawn  from 
the  eve     If  too  rigid  to  remain  bent  out  of  the  way,  it  may  be  par- 
tially divided  across  its  base  by  a  third  incision.    The  cuttmg  edge 
of  the  knife  needle  should  be  extremely  sharp,  and  the  membrane 
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cut  through  by  rapid  short  sawing  strokes.  This  is  done  to  avoid 
traction  of  the  ciUary  body,  which  would  probably  cause  cyclitis.  If 
the  membrane  is  too  tough  to  cut  readily,  it  should  be  transfixed 
first  by  a  needle,  then  the  knife  needle  entered  through  the  opposite 
side  of  the  cornea,  and  thrust  through  the  membrane  near  the  needle. 
It  is  made  to  cut  away  from  this  point,  the  needle  acting  as  the  point 
of  resistance,  to  protect  the  ciliary  body,  or  two  needles  may  be 
entered  on  opposite  sides  of  the  cornea  and  made  to  pierce  the  mem- 
brane near  the  centre.  By  approximating  the  handles  of  the  points 
separate,  the  cornea  at  the  site  of  penetration  acts  as  a  fulcrum, 
and  the  membrane  is  torn. 


Fig.  312. 


Leucocytic  iufiltration  of  lens.  From  a  case  of  iridocyclitis  following  a  wound  in  the  ciliary 
region.  X  100.  (Prepared  by  Dr.  E.  S.  Thomson,  in  the  laboratory  of  the  Manhattan  Eye  and  Ear 
Hospital.) 

Wlien  the  pupil  is  small  and  undilatable,  Noyes  proposed  to  enter 
a  thin  cataract  knife  through  the  sclerotic  behind  the  ciliary  body, 
and  to  transfix  and  cut  the  membrane  from  behind. 

If  the  pupil  is  occluded  by  drawing  the  iris  over  it,  this  should 
be  dealt  with  by  iridotomy.  The  incision  may  be  made  with  the 
knife  needle  or  with  Wecker's  scissors  (Fig.  305),  introduced  after 
making  a  sufficiently  large  corneal  wound  with  a  broad  needle  or 
keratome.  The  scissors  are  introduced  closed,  opened  in  the  anterior 
chamber,  and  one  blade  made  to  penetrate  the  iris.  The  iris  Ijnng 
between  the  blades  is  then  divided,  usually  in  a  V  or  cross-shape. 
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Afte.  the  completion  of  ssing 

should  be  promptly  met  by  leeching  and  ice  compresses  Othemise 
Mammato^y  P™duets  will  soon  fill  the  openmg  and  nullify  the  effect 

°' 'loaSte  The  accidents  most  likely  to  happen  are  infection,  glau- 
coma intense  inflammatory  reaction,  and  detachment  of  the  retma. 
The  treatment  of  these  conditions  is  given  elsewhere 

Aphakia.    Aphakia  is  the  name  given  to  absence  of  the  lens,  ana 
is  ufe  Zdition  that  exists  after  a  cataract  has  been  removed.  Its 
nrinciXharacteristic  is  an  increase  in  the  refraction  of  the  eye  by 
rZptr  c  value  of  the  lens,  usually  10  D.  or  12  D.,  oss  of  all  powe 
nf  accommodation,  and  in  cases  of  cataract  extraction  by  the  de 
veloTmenrofcorn;al  astigmatism  at  right  ^Lt^tallXm 
the  corneal  incision.   This  astigmatism  is  K-'^f     f  "^''i^f '^^^^^^^^ 
T)  t«  5  D    but  as  c  catnzation  progresses  it  diministies,  usuauy 
?„  ID  Some  patients  possess  a  sort  of  pseudo-accommodation  which 
is  ^enerallv  oerformed  by  squinting  or  partially  closing  the  hds.  The 
rffac  [on  should  be  worU  out  by  the  same  3- ^^tf 
niatinir  refraction  under  other  circumstances,  and  reading-glasses  01 
?  50  D  or  Td  stronger  than  the  distance  correction  also  givem 
KfocaUenses,  or,  it  on^  one  eye  is  useful,  revers*  e  tames  -e  to 
hp  crlvpn     The  strength  of  the  correction  for  near  work  musx  oe 
^ade  to  accord  with 'the  distance  at  which  the  patient  will  use  his 

'^iXmmation  and  new-growths  of  the  lens  do  not  occur,  althou^ 
the  len?  may  be  the  seat  of  infiltration  of  leucocytes  m  cychtis. 
(Fig.  312.) 
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GLAUCOMA. 
By  E.  TREACHER  COLLINS,  F.R.C.S.  Eng. 

The  term  "  glaucoma  "  is  derived  from  the  Greek  word  y^Muxo^,  sig- 
nifying sea-green.  _  It  was  used  by  Hippocrates,  and  was  applied 
originally  to  affections  of  the  eye  in  which  a  green  or  greenish-gray 
reflex  was  obtained  from  the  pupO.  At  different  times  the  disease  has 
been  regarded  as  an  affection  of  the  crystalline  lens,  an  affection  of 
the  vitreous  humor,  and  an  effusion  between  the  retina  and  choroid. 
It  was  not  until  the  discovery  of  the  ophthalmoscope  in  1851  that 
these  several  theories  respecting  it  were  found  to  be  untenable. 

Mackenzie,  of  Glasgow,  in  1830,  first  drew  attention  to  the  increased 
tension  of  the  eye  in  glaucoma,  which  is  now  known  to  be  its  essen- 
tial factor.  As  was  pointed  out  first  by  von  Graefe,  all  the  other 
symptoms  can  be  explained  as  the  result  of  increased  tension. 

Glaucoma  may  now  be  defined  as  increased  tension  of  the  eye,  the 
result  of  derangement  in  the  circulation  of  the  intra-ocular  fluid. 

A  green  reflex  from  the  pupil  is  not  always  present  in  glaucoma, 
and  it  may  be  met  with  in  other  conditions  in  which  there  is  no 
increase  of  tension. 

A  derangement  of  the  circulation  of  the  intra-ocular  fluid  causing 
increase  of  tension  may  occur  in  a  variety  of  ways.  It  may  occur 
in  an  eye  which  in  other  respects  is  apparently  healthy,  or  it  may 
be  the  result  of  some  obvious  precedent  disease.  In  the  former  case 
the  glaucoma  is  termed  primary,  and  in  the  latter  secondary. 

The  Mechanism  for  the  Maintenance  of  Normal  Ocular  Tension. 
There  are  three  sorts  of  fluid  within  the  eyeball,  variable  in  amount: 
blood  in  the  bloodvessels,  lymph  in  the  lymphatic  spaces  of  the  liveal 
tract  and  the  perivascular  lymphatic  channels,  and  the  intra-ocular 
fluid  in  the  aqueous  and  vitreous  chambers.  The  amount  of  blood 
in  the  intra-ocular  bloodvessels  is  subject  to  constant  variation  from 
many  causes,  such  as  alterations  in  the  blood  pressure,  changes  in 
the  shape  of  the  iris  and  ciliary  body,  and  varying  amount  of  press- 
ure from  the  surrounding  muscles. 

The  lymph  is  derived  from  the  bloodvessels,  and  its  amount  is 
dependent  on  the  blood  pressure. 

The  intra-ocular  fluid  contained  in  the  aqueous  and  vitreous  cham- 
bers is  of  practically  the  same  consistency.  Its  composition  is  esti- 
mated as  99  per  cent,  water,  1  per  cent,  salts  and  extractives,  togethei- 
with  a  trace  of  albumin. 

(  524) 
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In  the  vitreous  this  fluid  is  lodged  in  a  network  of  fibres  mu^h  like 
water  in  a  sponge,  and  is  surrounded  by  a  hyaloid  membrane.  It  b 
S  arran^^^^^^^  gives  to  the  vitreous  humor  its  gelatinous 

''mlra-ocular  fluid  is  a  secretion  and  not  a  mere  exudation  from 
the  bloodvessels.  If  it  were  an  exudation,  it  would  contain  a  large 
Quantity  of  albumin,  like  lymph.  ,       .   ,     .  ■, 

^  There  is  considerable  experimental  and  clinical  evidence  to  show 
that  daucoma  is  produced  by  the  secretive  action  of  the  epithelium 
ooveiS  the  ciliary  body.  The  folds  of  the  ciliary  process  provide 
rirmpaiSivel7large  epith^  covered  surface  overlying  a  dense 
^le  W  bl^^^^^^^^^^  There  are,  moreover  on  the  Pg-ented  layer 
numerous  little  tubular  recesses,  presumably  glands,  concerned  to 
some  extent  in  the  elaboration  of  secretion.  .  • 

Experimentally  it  has  been  found  that  after  excision  of  the  iris  and 
ciliaJy  body  from  the  eye  of  a  rabbit,  the  secretion  o  the  aqueous 
huSor  is  Jrrested  and  the  vitreous  shrinks.  Also,  that  sub cuta 
neously  injected  fluids  make  their  appearance  in  the  eye  first  at  e 
ciliary  body,  and  thence  spread  to  the  vitreous,  and  through  the 
nuDil  to  the  anterior  chamber. 

Clinically,  we  find  that  when  the  pupil  becomes  closed  by  a  com- 
TDlete  ring  of  posterior  synechia  the  aqueous  humor  accumula  es 
belfincUhe  iris%owing  it  forward.    Further,  that  all  the  vascular 
structures  witliin  the  eye,  other  than  the  ciliary  body,  may  be  absent 
or  have  their  vessels  occluded,  without  alteration  m  the  amount  ot 
the  intra-ocular  fluid  or  the  tension  of  the  eye  being  noted  ;  while 
destructive  processes  involving  the  ciliary  body  cause  shrinking  ot 
the  globe   Thus,  the  tension  of  the  eye  and  the  mtra-ocu  ar  secretion 
hav?  been  found  unaltered  when  the  following  conditions  were 
present:  congenital  and  traumatic  aniridia,  embolism  of  the  central 
artery  of  the  retina,  congenital  absence  of  the  choroKl    The  tension 
has  Lo  been  known  to  remain  increased,  where  all  the  bloodvessels 
supplying  the  retina  and  choroid  have  been  cut  through,  after  the 
operation  of  optico-ciliary-neurotomy  performed  for  absolute  glau- 

"^"some  of  the  secretion  from  the  ciliary  body  passes  du-ectly  forward 
between  the  iris  and  lens  into  the  anterior  chamber.  The  mam  exit 
for  fluid  from  the  anterior  chamber  is,  as  first  proved  by  Leber  at 
its  angle  It  passes  through  the  spaces  of  Fontana  m  the  ligamentum 
pectinatum,  into  the  canal  of  Schlemm  by  a  process  of  filtration  and 
from  there  into  the  anterior  ciliary  veins.  A  certain  amount,  mel 
has  shown,  also  escapes  through  the  iris,  entering  the  openings  on  its 
anterior  surface,  which  are  situated  mostly  near  its  ciliary  and  pupil- 
lary margins,  then  into  the  iritic  veins  by  filtration  through  then;  walls. 

A  part  of  the  secretion  of  the  ciliary  body  passes  to  the  vitreous 
humor    From  the  vitreous  a  small  amount  of  fluid  may  escape  along 
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the  lymphatics  around  the  central  retinal  vessels  in  the  optic  nerve 
or  by  filtration  into  the  larger  vessels  themselves;  most,  however' 
after  permeating  the  anterior  hyaloid  membrane  and  suspensory  liga- 
ment, passes  through  the  circumlental  space  and  pupil  into  the 
anterior  chamber. 

In  a  hollow  sphere  distended  with  fluid  the  amount  of  pressure  on 
the  walls  is  equal  at  all  points.  In  the  eye,  which  is  divided  into 
two  chambers,  the  aqueous  and  vitreous,  by  a  diapln-agm  consisting 
of  the  lens  and  its  suspensory  ligament,  it  is  conceivable  that  the 
pressure  in  pne  or  the  other  might  be  greater.  In  the  normal  con- 
dition this  is  not  the  case.    The  pressure  in  the  vitreous  chamber 


Fig.  313. 


The  angle  of  the  anterior  chamber  in  a  healthy  eye,  showing  the  canal  of  Schlemm,  the 
llgamentum  pectinatum,  and  lymphatic  crypts  at  the  periphery  of  the  iris. 

and  in  the  anterior  chamber,  measured  experimentally  by  a  manom- 
eter, has  been  found  to  be  equal  in  each  to  a  column  of  mercury  about 
28  mm.  in  height.  The  equality  of  pressure  is  maintained  by  the 
possible  free  escajDe  of  fluid  from  the  vitreous  into  the  anterior 
chamber,  and  free  escape  of  fluid  from  the  anterior  chamber  out  of 
the  eye. 

In  spite  of  changes  which  are  constantly  occurring  to  alter  the 
amount  of  blood  in  the  intra-ocular  bloodvessels,  in  the  normal  con- 
dition the  tension  of  the  eye,  as  estimated  by  the  finger  pressure, 
remains  practically  uniform. 

By  a  more  active  secretion  of  the  ciliary  body,  or  by  a  more  rapid 
escape  of  fluid,  the  eye  has  the  power  of  adapting  itself  so  as  to 
maintain  an  equable  amount  of  pressure  upon  the  structures  con- 
tained within. 

It  would  seem  natural  to  suppose  that  this  regulating  power  which 
maintains  a  uniform  degree  of  tension  is  the  result  of  nervous  in- 
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""t'"Sd  ;rtfkn"thfe7e,  cut  off  from  all  influences  pro- 
ceJIfng  to  it  fiom  the  cerebro-spind  or  sympathetic  nervous  system, 
is  cauable  of  maintaining  normal  tension. 

?he  results  of  the  operation  of  optico-ciliary-neurotomy  offer  us 
some  evicki^ce  on  this  point.  When  performed  on  an  mjured  eye  a  a 
^rphykctic  against  s^npathetic  ophthalmitis,  t^  e^^^^^^^^  f-quenUy 
becomes  diminished,  and,  in  some  cases,  this  diminution  ot  tension 
nCars  to  be  the  direct  result  of  the  operation,  and  not  caused  by 
STTpP+^on  of  the  eye  for  which  it  was  performed.  When  per- 
tmed  0  r^^^  absolute  glaucoma,  where  presumably  the  chan- 
neiroJ  e^/of  fluid  from  the'  eye  are  closed,  the  tension  remains 

^Tervous  influences  may  proceed  to  the  intra-ocular  structures  either 
tlSi  the  trigeminus  or  through  the  sympathetic  nerves. 

The  experiments  of  dividing  or  irritating  the  trigeminus  m  am- 
mals  haX  produced  uniforin  results.    Some  observers  have  found 
diSi  Sdt  in  diminished  tension,  and  its  irritation  m  increased 
enSoTponders),  while  others  have  ^on.ln^f.^^^^^  — 
stimulation  had  no  influence  on  ocular  tension  (Wegner). 

Z  ope  ation  of  removal  of  the  Gasserian  ganglion  has  now  been 
^erfo?mecrrnumber  of  times  on  man  for  the  relief  of  neuralgia  but 
\fZ^L%ln  of  such  cases  no  reference  -^^e  to  its  effect  on 
ocular  tension.  It  is  possible  that,  unless  specially  looked  for,  some 
slie-ht  variations  in  tension  may  have  been  overlooked 

In  the  affect  on  known  as  herpes  ophthalmicus,  which  is  due  to 
a  Lsion  of  the  Gasserian  ganglion,  diminution  of  ocular  tension  is 

"exp^^^^^^  animals  have  shown  that  section  of  the  cervical 

sympathetic  causes  diminution  of  ocular  tension,  f  irn^^^^^^^  of 
it  occasions  a  transient  increase  of  tension  (Wegner,  Adamuk)^ 

Removal  of  the  superior  cervical  ganghon  has  been  performed  m 
man>  patients  who  had  no  ocular  affection  without  any  alteration 
in  the  ocular  tension  being  appreciable  (F.  F.  i^^Jlg^^f  ^  ;  -^^^ 
Removal  of  the  superior  cervical  ganglion  m  P^^^^^^^*^^  P""t^^^^^^ 
glaucoma  sometimes  reduces  the  tension  (Jonnesco  ).  In  some  cases 
of  paralysis  of  the  cervical  sympathetic  from  injury  or  pressure,  a 
sliffht  diminution  of  ocular  tension  has  been  noted.  _ 

In  cases  where  symptoms  of  stimulation  of  the  cervical  sympa- 
thetic are  present,  as  in  Graves'  disease,  glaucoma  has  not  been  proved 
to  be  of  unusually  frequent  occurrence. 

StMation  or  removal  of  the  superior  cervical  ganghon  causes 
several  changes  in  and  about  the  eye,  wliich  it  is  conceivable  would 
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tend  to  influence  the  intra-ocular  pressure.  Thus  its  stimulation 
causes : 

1.  Dilatation  of  the  pupil,  which  might  impede  the  exit  of  fluid  from 
the  eye  by  narrowing  the  orifices  of  the  lymphatic  spaces  on  the 
anterior  surface  of  the  iris,  or  by  approximating  the  root  of  the  iris  to 
the  back  of  the  cornea  in  the  region  of  the  spaces  of  Fontana. 

2.  Increased  blood  pressure,  which  diminishes  the  amount  of  blood 
in  the  eye,  and  so  lessens  the  amount  of  its  contents,  but  also  probably 
increases  the  amount  of  lymph  in  the  intra-ocular  lymphatics. 

3.  Increased  secretion  from  the  ciliary  body,  which  tends  to  increase 
the  contents  of  the  eye. 

4.  Contraction  of  the  unstriated  muscle  fibres  of  Miiller,  which  by 
compression  of  the  efferent  veins  coming  from  the  eye  delays  the  exit 
of  blood  from  it. 

Removal  of  the  ganglion  produces  just  the  reverse  effect:  it  con- 
tracts the  pupil,  lowers  blood  pressure,  diminishes  secretion,  and 
allows  of  relaxation  of  the  muscle  fibres  of  Miiller. 

Another  factor  calling  for  consideration  in  the  maintenance  of  nor- 
mal intra-ocular  tension  is  variation  in  the  composition  of  the  intra- 
ocular fluid.  It  has  to  escape  from  the  eye,  as  already  mentioned,  by 
a  process  of  filtration.  Containing,  as  it  does  in  the  normal  state, 
but  a  trace  of  albumin,  this  filtration  may  readily  take  place.  vShould, 
however,  the  anterior  chamber  be  punctured  and  the  aqueous  humor 
allowed  to  escape,  the  fresh  aqueous  humor,  which  is  formed  much 
more  rapidly  than  under  the  usual  conditions,  is  found  to  contain  a 
considerable  quantity  of  albumin,  and  will  consequently  take  much 
longer  to  filter  out  of  the  eye. 

The  Effects  of  Increased  Tension  on  the  Various  Structures  of  the 
Eye  and  Their  Respective  Functions. 

The  maintenance  of  the  normal  amount  of  intra-ocular  pressure  is 
most  essential  for  the  regular  performance  of  the  functions  of  the 
different  structures  composing  the  eyeball.  We  shall  now  proceed  to 
describe  the  changes  which  are  produced  in  an  eye  as  a  result  of  a 
disturbance  in  the  intra-ocular  pressure,  resulting  in  increased  tension. 

Sclerotic  and  Conjunctiva.  A  sudden  onset  of  increased  tension 
so  disturbs  the  intra-ocular  blood  circulation  as  to  cause  for  a  time  a 
general  congestion  of  the  ciliary  bloodvessels  in  the  sclerotic,  and 
often  also  of  those  of  the  conjunctiva.  In  the  most  acute  cases  this 
congestion  is  accompanied  by  oedema  of  the  conjunctiva  (chemosis), 
and  sometimes  even  oedema  of  the  eyelids.  The  vessels  being  mostly 
engorged  with  venous  blood,  the  injection  has  a  characteristic  dusky 
hue.  The  main  exit  of  blood  from  the  uveal  tract  is  by  the  vena:" 
vorticosse;  the  channels  in  the  sclerotic  through  wliich  these  pass 
run  very  obliquely,  and  when  the  sclerotic  is  stretched,  as  it  is  in  glau- 
coma, they  easily  become  closed.  The  result  of  such  obstruction  is 
to  cause  considerable  enlargement  of  the  anterior  ciliary  veins,  which 
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normally  give  exit  to  only  a  small  portion  of  the  venous  blood  from 
the  cmary  bod^  and  which  perforate  the  sclerotic  more  at  a  right 
nrtp\e  than  the  vente  vorticosffi.  ■  ^     v,  +v,^. 

'  fncrease  of  tension  of  some  dm-ation  -^'^ v'^.t^^^I^ 
anterior  ciliary  arteries  from  the  increased  obstruction  to  the  entrance 

^Svren  increased  tension  comes  on  gradually  instead 

of  suddenly,  an  adaptation  of  the  intra-ocular  blood  circulation  to 
1  a  tered'^'conditions  is  rendered  possible,  and  the  violent  disturb- 
ance resulting  in  congestion  and  oedema  does  not  take  place.  Indeed, 
some  cases  of  primary  glaucoma  develop  so  slowly  that  scarcely  any 
aheratTon  inthe  state  of  the  ciliary  bloodvesse  s  is  to  be  observed,  or 
at  most  slight  enlargement  of  the  anterior  perforating  vessels. 

Tlie  effects  of  increased  tension  on  the  sclerotic  vary  very  much 
according  to  the  age  of  the  patient.  In  early  life  the  sclerotic  is  an 
elastic  structure;  as  life  advances,  it  becomes  tougher  and  less  ex- 
paSble    Conse^  if  increase  of  tension  is  met  with  m  infancy 

Sr  early  childhood,  the  sderotic  will  give  and  the  whole  globe  become 

'''Ijftef  adolescence',  the  sclerotic  being  hard  and  ^npelding  littk 
alteration  in  the  shape  of  the  globe  is  met  with  as  the  result  of 
daucoma-  usually  there  is  slight  distention  in  the  spaces  between 
fhe  re'i  muscles!  so  that  the  globe  becomes  somewhat  square  m 

'^Should  there  have  been,  previously  to  the  onset  of  the  glaucoma 
some  weakening  or  thinning  of  the  walls  of  the  globe  as  from  a  patch 
of  choroiditis,  then,  when  the  tension  is  mcreased,  that  spot  is  likely 
to  give  and  become  staphylomatous. 

Cornea.  As  the  result  of  mcrease  of  tension,  some  interference  m 
the  circulation  of  the  lymph  stieams  in  the  cornea  may  occur,  iiiis 
is  especially  liable  to  take  place  where  the  onset  of  tension  is  sudden. 
Its  effect  is  to  cause  oedema  at  the  anterior  part ;  the  spaces  between 
the  anterior  lamella  of  fibrous  tissue  are  found  enlarged  and  hUed 
with  albuminous  fluid.  Spaces  are  also  met  with  between  the  surface 
epithelium  and  the  anterior  limiting  membrane,  between  the  epi- 
thelial cells  themselves,  and  in  the  channels  in  the  anterior  limiting 
membrane  through  which  the  nerve  fibres  pass_  to  the_  epithelium. 
Clinically  this  oedema  gives  rise  to  a  superficial  haziness  ot  tne 
cornea,  which  rapidly  disappears  when  the  tension  is  lowered. 

In  cases  where  the  oedema  has  been  present  for  a  long  time,  small 
vesicles  may  form  on  the  surface  of  the  cornea;  in  some  cases  a  new 
formation  of  fibrous  tissue  beneath  the  epithelium  and  external  to 
the  anterior  limiting  membrane  takes  place.  _ 

Anaesthesia  of  the  cornea  is  a  common  accompaniment  ot  glaucoma, 
and  has  been  attributed  to  compression  of  the  nerve  fibres  going  to  the 
epithelium  by  the  fluid  in  the  lymph  spaces  around  them,  as  they  pass 
forward  through  channels  in  the  anterior  limiting  membrane.  It 
may  also  be  due  to  compression  of  the  long  ciliary  nerve,  from  which 
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the  corneal  nerves  are  derived,  against  the  hard,  unyielding  sclerotic 
as  they  pass  forward  on  the  outer  surface  of  the  choroid. 

The  haziness  of  the  cornea  when  present,  apart  from  other  causes, 
tends  to  make  vision  misty.  It  is  also  the  cause  of  another  very 
characteristic  symptom  of  glaucoma,  viz. :  the  appearance  in  the  dark 
of  halos  of  rainbow  colors  around  lights,  the  red  color  always  being 
the  outermost. 

A  precisely  similar  appearance  of  halos  of  rainbow  colors  around 
lights  is  produced  by  dropping  a  solution  of  the  alkaloid  erythroph- 
Iseine,  obtained  from  an  African  arrow  poison,  into  the  eye.^  It 
causes  also  a  slight  steaminess  of  the  sm-face  of  the  cornea,  slight 
antDsthesia,  and  some  blurring  of  vision,  but  does  not  increase  the 
tension.  One  specimen  dilated  the  pupil  and  another  contracted  it; 
with  both  the  halos  were  seen.  Evidently  then  they  are  not  the 
result  of  pressure  on  the  retina  or  any  alteration  in  the  pupil.  Halos 
may  also  be  produced  by  the  instillation  of  a  drop  of  erytlu-ophlieine 
in  the  eye  of  a  patient  who  has  undergone  extraction  of  cataract, 
which  excludes  the  lens  from  any  participation  in  their  production. 
We  are  led  irresistibly  to  conclude  that  they  are  the  result  of  the  slight 
haze  in  the  cornea. 


FlQ.  314. 


The  angle  of  the  anterior  chamber  in  a  case  of  primary  glaucoma,  showing  closure  of  the  filtration 
area  at  the  periphery  of  the  cornea,  by  apposition  with  it  of  the  root  of  the  iris. 

In  primary  glaucoma  which  occurs  late  in  life  no  appreciable  altera- 
tion in  the  shape  or  size  of  the  cornea  occurs.  When,  however,  in- 
crease of  tension  is  met  with  in  infancy  or  early  life,  the  cornea,  like 
the  sclerotic,  being  still  very  elastic,  enlarges  and  becomes  globular  in 
shape.    The  condition  is  spoken  of  as  keratoglobus  or  buphthalmos. 

Anterior  Chamber.  The  condition  of  the  anterior  chamber  in 
glaucoma  varies  with  the  position  at  which  the  primary  obstruction 
in  the  circulation  of  the  intra-ocular  fluid  takes  place.  In  primary 
glaucoma  it  is  shallow ;  as  will  be  shown  later,  this  is  due  to  an  increase 
of  tension  occurring  first  in  the  vitreous  chamber,  and  the  lens  with  its 
suspensory  ligament  being  forced  forward.   A  continued  shallowing  of 
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the  anterior  chamber,  and  pressure  of  ^h^f^^^f  ^  ^^^^^  " 
the  root  of  the  his,  result  in  contact  of  the  latter  with  the  back 
of  the  cornea  and  a  narrowing  of  the  angle  oi  the  chamber. 

In  some  cases  of  secondary  glaucoma  and  m  cases  of  congenital 
crhucoma  the  primary  obstruction  to  the  circulation  of  the  mtra- 
ocXTuid  is  at  the  angle  of  the  anterior  chamber  where  it  gams 
exit  from  the  eye ;  the  anterior  chamber  then  becomes  deepened. 

iris  Pressure  of  the  root  of  the  iris  against  the  back  of  the  cornea 
leads  to  compression  of  both  its  bloodvessels  and  nerves,  it  the 
increased  tension  is  sudden  in  onset,  the  compression  at  first  causes 
oedema  and  venous  engorgement,  which  make  the  ins  appear  alter^^^^ 
in  color  Later  on,  its  vessels  become  empty  and  its  stroma  atrophies 
and  slirinks.    The  pigment  epithelium  on  the  posterior  surface  of  the 


FlC.  315. 


S  the  cornea    The  suoma  of  the  iris  is  iBUCh  atrophied,  so  that  It  appears  very  th.n. 

iris  is  unaffected  by  the  atrophy.  It  normally  ends  at  the  pupl W 
margin;  but  in  cases  of  glaucoma  of  long  standing,  by  the  shi inking 
of  the  stroma,  the  pigment  epithelium  becomes  drawn  around  onto 
the  anterior  surface,  a  condition  which  is  spoken  of  as  ectropion  o 
the  pigment  epithelium.  Clinically  it  is  seen  as  a  dark  pigmented 
area  on  the  surface  of  the  iris  at  the  pupillary  margin,  usua%  ex- 
tending more  in  one  direction  than  another.  It  is  most  maiked 
where  thT  iris  has  become  most  atrophied  and  where  the  dilatation 

of  the  TDUDil  is  widest.  „  ,  .  , 

The  pressure  of  the  nerves  against  the  back  of  the  cornea  m  acute 
cases  o  glaucoma  paralyzes  the  iritic  muscles,  and  the  pupil  becomes 
nactive'and  semiclilated.    If  the  tension  is  relieved  befo^^  ,^  ^^^^^^^ 
has  set  in  its  activity  returns.    In  long-standing  cases  of  glaucoma 
Xaneni  dilatatio/of  the  pupil  may  be  brought  about  through 
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atrophy  of  the  sphincter  muscle  and  shrinking  of  the  stroma.  The 
amount  of  dilatation  is  sometimes  not  equal  in  all  directions,  so  that 
the  pupil  is  often  oval  or  irregularly  circular,  and  it  may  be  displaced 
away  from  the  centre. 

When  the  cornea  and  root  of  the  iris  have  been  in  apposition  for 
only  a  short  while,  their  separation  is  easily  effected.  After  a  time, 
however,  cell  exudation  takes  place  and  they  become  adherent,  and 
in  long-standing  cases  of  glaucoma  most  intimately  adherent. 

In  chronic  cases  of  glaucoma,  where  the  onset  of  tension  is  gradual, 
and  there  has  been  time  for  compensatory  changes  to  take  place  in 
vessels  and  nerves,  the  dilatation  of  the  pupil  and  atrophy  of  the  iris 
may  be  absent. 

Ciliary  Body.  Increase  of  tension  early  causes  disturbance  in  the 
accommodative  action  of  the  ciliary  muscle,  due  probably  to  com- 
pression of  the  ciliary  nerves  against  the  sclerotic.  It  manifests  itself 
by  the  apparent  rapid  advance  of  presbyopia,  the  patient  requiring 
stronger  and  stronger  glasses  for  near  work.  In  the  early  stages  of 
primary  glaucoma,  more  especially  in  acute  cases,  the  ciliary  proc- 
esses are  swollen  and  oedematous,  their  veins  are  engorged,  and  they 
press  forward  against  the  root  of  the  iris.  After  increase  of  tension 
has  been  established  for  some  time,  they  become  atrophied  and  shrink, 
as  also  does  the  ciliary  muscle,  so  that  in  cases  of  glaucoma  of  long 
standing  they  are  no  longer  in  contact  with  the  back  of  the  iris,  and 
a  considerable  space  is  left  between  them  and  the  margin  of  the  lens. 
The  ciliary  body  receives  an  extensive  nerve  supply,  from  both  the 
long  and  short  ciliary  nerves,  which  perforate  the  sclerotic  posteriori)'- 
and  pass  forward  in  the  lamina  suprachoroidea,  until  they  break  up 
into  a  net-work  of  fine  branches,  which  is  known  as  the  ciliary  plexus. 
It  is  the  sudden  onset  of  pressure  of  this  plexus  against  the  unyielding 
sclerotic  which  is  the  cause  of  the  excessive  pain  of  acute  glaucoma 
— pain  which  is  not  confined  to  the  eye,  but  referred  also  to  other 
parts  supplied  by  the  fifth  nerve,  especially  those  receiving  branches 
from  its  first  division.  Certain  reflex  disturbances  may  also  be  set 
up,  which  will  be  referred  to  in  speaking  of  the  different  clinical 
types  of  glaucoma. 

When  increased  tension  comes  on  gradually  and  is  not  very  intense, 
the  nerves,  like  the  bloodvessels,  have  the  power  of  adapting  them- 
selves to  the  changed  conditions,  and  in  the  majority  of  chi-onic 
cases  of  glaucoma  no  pain  is  experienced  by  the  patient  from  first 
to  last. 

Choroid.  The  effect  of  increased  tension  on  the  choroid  in  acute 
cases  of  glaucoma,  as  on  the  other  portions  of  the  uveal  tract,  the 
iris  and  ciliary  body,  is  first  to  produce  a  condition  of  venous  conges- 
tion and  oedema;  later  on,  emptying  of  its  vessels  and  atrophy.  In 
chronic  glaucoma,  on  the  other  hand,  no  sudden  disturbance  of  the 
circulation  is  set  up,  but  the  compression  of  the  choroid  against  the 
sclerotic  tends  to  empty  the  blood  out  of  the  capillaries.  The  fundus 
ophthalmoscopically  in  such  cases  is  seen  to  lose  its  uniform  red  hue, 


dLAUCOMA. 


aud  to  present  a  tessellated  appearance,  due  to  exposure  of  the  net- 

"^1°'^'ft^l'oroid^t  «  Xof  increased  tension,  Is  most 
Atrophy  ol  th''  t^horoid        'e^"  »  attacliments  with  the 

fnrwnrri  nf  the  lens  or  expansion  ot  the  globe  in  the  ciliary  legioi 
wouS  on  the  other  hand",  lessen  its  refractive  power,  and  tend  to 

■"t  — tLfEl^  aTexpansion  of  the  globe  takes 
place,  but  it  L  stated  that  during  attacks  of  glaucoma  the  refraction 

""wln'u^mTifearly  life  where  considerable  enlargement  of  the 
.lobe  iS  rmerw'ans  is  met  with,  the  lengthening  of  the  globe  is 
globe  in  all      merima  flattening  of  the  lens,  and  the  amount 

S7yT;f  me^^KlYatmS^h  a.  nfight  otherwise  have  been  ex- 

"In  glaucoma  of  long  standing  the  nutrition  of  *e  lens  some^^^^^^ 
suffer!  and  it  becomes  cataractous.  The  0P''«  y  °t  the  lens  occasioned 

tuU  be  Lo™lation  into  the  aqueous  and  vitreous  chambers, 

hoi^inhJo^s  s  ^^^^^E 

npJs  S  the  other  media.  That  part  of  the  increased  brilliancy  in  the 
H  whilh  if  oSe^^ed  immediately  after  opening  the  anterior  cham- 
b"r  Tn  ope^^tS^^  acute  glaucoma  is  due  to  escape  of  imperfectly 
pipqr  anueous  humor,  there  can  be  little  doubt.  •     i  ^„ 

xLTe^sh-gray  reflex  from  the  pupil  sometimes  seen  m  glaucoma 
i.  nrobablv  in  part  due  to  an  increased  serosity  of  the  media. 

Rettoa  The  immediate  effect  of  increased  tension  on  the  retmal 
bloodvessels  is  to  obstruct  both  the  entrance  of  blood  by  the  artenes 
.la  ts  Ait  bv  the  veins.  Consequently  the  latter  become  enlarged 
and  heTormer  smaUer  than  normal.  The  intra-ocular  pressure  and 
the  Dressure  0  he  blood  in  the  retinal  vessels  are  so  ba  anced,  under 
nornml  condit  ons,  that  no  pulsation  is  to  be  observed  m  the  retinal 
arteries    When  the  intra-icular  pressure  is  much  increased,  or  the 
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arterial  pressure  much  diminished,  this  balance  is  disturbed;  blood 
then  can  force  its  way  into  the  retinal  arteries  only  during  contrac- 
tion of  the  heart,  and  pulsation  in  them  becomes  visible  in  the  vicinity 
of  the  optic  disk.  If  the  uicreased  tension  in  a  case  of  glaucoma  is 
not  sufficient  to  give  rise  to  pulsation  of  the  retinal  arteries,  it  may 
readily  be  ehcited  by  slight  pressure  on  the  globe  with  the  finger. 
Under  normal  conditions  a  considerable  amount  of  pressure  on  the 
globe  is  required  to  produce  pulsation. 

Pulsation  of  the  retinal  arteries  has  been  observed  in  cases  of  aortic 
regurgitation  and  of  syncope,  without  increased  tension  of  the  eye 
and  due  to  diminished  blood  pressure. 

As  the  result  of  long-continued  increased  tension  the  walls  of  the 
retinal  arteries  become  sclerosed.  Hemorrhages  into  the  retina  from 
rupture  of  the  small  vessels  are  met  with  frequently  in  glaucoma. 

A  disturbance  of  the  function  of  the  retina,  as  the  rQsult  of  increased 
tension,  may  be  due  either  to  diminished  blood  supply  or  to  atrophy 
of  its  nerve  fibres. 

Loss  of  vision  due  solely  to  the  first  cause  is  recoverable ;  that  due 
to  the  second  is  permanent. 

If  the  tension  of  a  healthy  eye  be  increased  by  pressure  from  with- 
out, as  with  the  finger  upon  the  eyelid,  vision  may  be  completely 
abolished,  it  disappearing  last  in  the  region  of  the  macula.  This 
may  be  attributed  to  arrest  of  the  circulation  in  the  retinal  vessels, 
and  possibly  also  in  the  choroidal  capillaries  from  which  the  outer 
layers  of  the  retina  receive  their  nutrient  supply.  Directly  the  press- 
ure is  removed,  the  circulation  is  re-established  and  vision  returns. 

In  the  same  way  in  acute  glaucoma,  vision  may,  in  the  course  of  a 
few  hours,  be  reduced  to  mere  perception  of  light  or  completely 
abolished.  If  normal  tension  is  re-established  before  sufficient  time 
has  elapsed  for  organic  changes  in  the  nervous  tissue  to  set  in,  vision 
will  be  restored. 

The  branches  of  the  retinal  artery  which  go  to  the  periphery  of  the 
retina  on  the  temporal  side  have  a  longer  course  to  pursue  than  those 
distributed  to  other  parts,  because  the  point  of  entrance  of  the  optic 
nerve  into  the  eye  is  situated  to  the  nasal  side  of  the  middle  line.  It 
is  the  capillaries,  therefore,  from  the  temporal  branch  which  are 
affected  first  by  any  increase  of  tension. 

The  nerve  fibres  destined  for  the  periphery  of  the  retina,  which  lie 
in  the  outer  portions  of  the  optic  nerve,  are  more  liable  to  be  exposed 
to  pressure  against  the  sclerotic  as  they  enter  the  eye,  than  those 
destined  for  the  central  regions. 

These  two  anatomical  facts  serve  to  explain  the  manner  in  which 
vision  fails  in  cases  of  glaucoma.  The  process  begins  at  the  periphery, 
producing  a  contraction  of  the  field  of  vision.  This  contraction 
usually  is  noted  first  on  the  nasal  side.  As  the  case  progresses,  the 
field  gradually  becomes  reduced  to  a  more  or  less  oval-shaped  area, 
extending  chiefly  to  the  outer  side  of  the  fixation  point.  Ultimately 
the  fixation  point  becomes  involved,  a  small  area  in  the  field  to  its 
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Fig.  316. 

Righi  Eye 
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Concentric  contraction  as  seen  in  glaucoma  simplex. 


BIG.  317. 

Left  Eye 
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Concentric  contraction  as  seen  in  glaucoma  simplex. 
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of  the  field.  In  other  cases,  in  association  with  a  contracted  field 
some  loss  in  the  acuity  of  central  vision  is  met  with.  ' 


Fig.  318. 
Right  Eye 


Concentric  contraction  as  seen  in  glaucoma  simplex. 
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Concentric  contraction  as  seen  in  glaucoma  simplex. 
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angle  than  employed  with  the  ordinary  pernneters  (as  in  the  method 


Fig.  320. 


ophthalmoscopic  appearance  of  the  optic  disk  in  absolute  glaucoma.  (Jaeokr.) 


sn^^ested  bv  Bierrum^),  it  is  found  that  in  glaucoma,  whatever  be  the 
Stn  o/th^'defect  iA  the  field,  it  always  ^^-ts  f-m  ^^^^^ 
The  fields  for  color  usually  fail  proportionately  to  the  field  lor  wnite 

'"r^nllrJby  glaucoma  there  are  found  some  atrophy  of  the 


Fig.  321 


Secllon  of  optic  nerve  head  of  case  depicted  in  Fig.  320.  (Jaeger.) 

nervous  elements  of  the  retina  and  some  increase  of  the  fibrous  tissue 
elements  Small  cystic  spaces  in  the  anterior  portion  of  the  retina, 
in  the  vicinity  of  the  ora  serrata,  are  met  with  very  commonly. 

Optic  Nerve.  The  delayed  exit  of  venous  blood  from  the  retinal 
vessels,  and  consequent  venous  congestion,  probably  give  rise  to 

1  Nordisk  Ophthal.  Tldsskrlft,  il.,  3,  and  Ophthalmic  Review,  1S90,  vol,  ix.  p.  104. 
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some  oedematous  swelling  of  the  optic  papilla  in  many  cases  of  acute 
glaucoma.  By  the  time  a  clear  view  of  the  details  of  the  fundus  can 
be  obtained,  this  swelling  has  given  way  to  cupping  and  atrophy. 
Several  observers  have,  however,  described  seeing  appearances  like 
optic  neuritis  as  an  initial  symptom  in  glaucoma. 

The  position  where  the  nerve  fibres  enter  the  globe  is  a  weak  spot 
in  its  walls.  There,  instead .  of  having  the  three  coats— sclerotic, 
choroid,  and  retina — there  are  only  the  fibres  of  the  optic  nerve  and 
the  lamina  cribrosa.  The  latter  does  not  represent  more  than  half 
the  thickness  of  the  sclerotic,  and  is  composed  mainly  of  yellow 
elastic  tissue. 

When  the  tension  of  the  eye  becomes  increased,  this  weak  spot  soon 
begins  to  give  and  bulge  outward. 

The  sclerotic  surrounding  the  optic  disk  is  very  thick  and  unyield- 
ing, so  that,  as  the  lamina  cribrosa  becomes  curved  backward,  the 
nerve  fibres  become  compressed  against  the  tough  resistant  edge  of 
the  sclerotic  at  its  margin,  and  consequently  atrophy.  When  they 
become  atrophied  down  to  the  lamina  cribrosa,  instead  of,  as  in  the 
healthy  condition,  there  being  an  elevation  in  the  region  of  the  optic 
disk  (the  optic  papilla),  a  depression  is  formed. 


Fig.  322. 


Cupping  of  the  optic  dislc  as  the  result  of  glaucoma.  Besides  depression  backward  of  the  lamina 
cribrosa  there  has  been  some  lateral  expansion,  so  that  one  side  of  the  cup  has  become  somewhat 
excavated.  In  the  preparation  of  the  specimen  the  retina  has  become  displaced  forward  from 
contact  with  the  choroid. 

The  cupping  of  the  optic  disk  in  glaucoma  is  then  the  result  of  two 
causes:  depression  backward  of  the  lamina  cribrosa  and  atrophy  of 
the  nerve  fibres  down  to  it. 
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As  th-^  depression  backward  of  the  lamina  cribrosa  increases,  the 
side^  of  the  cup  tend  to  become  quite  steep;  they  may  become  ex- 
ptdal  laterally  at  the  posterior  part,  so  that  on  section  it  presents 

a  cupped  — n.of  the  c^t^^^ 
recognized,  with  the  indirect  method  of  exammation,  by  the  paral  ax 
wS  is  produced  on  movement  of  the  lens.    The  "  of^t^^^^ 

cup  and  the  surrounding  fundus  seem  to  ^'^f  .hfZmouLd^^ 
the  former  more  slowly  than  the  latter  so  that  ^/l^  s^irrouncimg 
fundus  appears  to  move  over  the  depressed  surface  of  the  disic. 


Fig.  323. 


Glaucomatous  excavatiou  taking  place  in  an  optLc  uerve  with  a  physiological  o.<-avation.  (Jaeger.) 

On  examination  with  the  direct  method  it  is  found  that  a  different 
lens  is  necessary  to  see  clearly  the  bottom  of  the  cup,  from  that  ^^dllch 
s  required  for  the  rest  of  the  fundus.  Thus  supposing  the  patient 
to  be  emmetropic,  a  minus  lens  would  be  needed  to  see  distinctly 
the  bottom  of  the  cup;  or  if  the  patient  were  myopic,  a  higher  mmus 
glass  than  that  used  for  seeing  the  rest  of  the  fundus.  _ 

When  the  side  of  the  cup  is  steep  or  somewhat  overhanging,  the 
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retinal  vessels  as  they  curl  around  it  disappear  from  view  for  a  portion 
of  their  course,  or  may  be  viewed  in  a  foreshortened  manner.  If 
they  disappear  from  view  for  a  portion  of  their  course,  there  seems 
to  be  a  break  in  the  continuity  of  the  vessel  seen  at  the  base  of  the 
cup  and  on  the  surface  of  the  retina,  it  often  reappearing  at  a  slightly 
different  position  on  the  latter  from  what  it  disappeared  at  on  the 
former.  If  viewed  in  a  foreshortened  mamier,  the  blood  in  the  vessel 
appears  very  dark. 

The  margin  of  a  cupped  disk  in  glaucoma  often  throws  a  shadow 
on  its  surface,  so  that  it  appears  lightest  in  the  centre ;  the  markings 
of  the  lamina  cribrosa  on  its  surface  are  usually  well  defined,  and 
its  color  is  sometimes  altered  to  a  greenish  or  bluish  hue. 

Conditions  which  Predispose  to  Primary  Glaucoma  or  Excite 

Acute  Attacks. 

Age.  There  are  cases  of  glaucoma  that  date  from  birth,  or  even 
before  birth,  which  are  not  the  result  of  some  obvious  precedent 
disease,  and  which  might  be  classed  as  cases  of  primary  glaucoma. 
They  are,  probably,  the  result  of  some  congenital  defect  in  de- 
velopment, and  evidently  have  a  different  causation  to  that  of 
other  cases  of  iiriinary  glaucoma.  They  will,  therefore,  be  dealt 
with  separately  under  the  heading  of  congenital  glaucoma  or  primary 
buphthalmos.  Excluding  these  cases,  it  may  be  stated  that  the 
liability  to  primary  glaucoma  increases  with  advance  of  life.  Priestley 
Smith'  has  shown,  from  a  careful  analysis  of  1000  cases,  that  at  the 
age  of  sixty-five  years  the  chance  of  an  attack  of  glaucoma  is  at 
least  one  hundred  times  greater  than  at  fifteen  years,  and  more  than 
twice  as  great  as  at  forty-five  years  of  age.  Primary  glaucoma  under 
thirty  years  is  very  rare;  in  practice  it  is  met  with  most  commonly 
in  the  decade  between  sixty  and  seventy  years. 

Sex.  Women  are  more  liable  to  primary  glaucoma  than  men, 
especially  to  acute  attacks. 

Heredity.  Several  striking  instances  are  recorded  in  which  primary 
glaucoma  has  occurred  in  members  of  the  same  family,  through  two 
or  three  generations.  The  number  of  cases  where  an  hereditary 
tendency  is  met  with  compared  with  the  number  of  cases  of  glaucoma 
which  occur  are,  however,  few. 

Race.  Certain  races  are  stated  to  be  more  liable  to  primary  glau- 
coma than  others,  viz.:  the  Jews,  the  Egyptians,  and  the  negroes 
of  Brazil.  More  definite  statistical  evidence  is  required  on  these 
matters  before  it  can  be  said  that  they  are  proved. 

Errors  of  Refraction.  Nearly  50  per  cent,  of  eyes  affected  with 
primary  glaucoma  are  hypermetropic,  and  it  is  generally  believed 
that  a  hypermetropic  eye  is  predisposed  to  glaucoma.  It  should  be 
borne  in  mind,  however,  that  hypermetropia  is  the  commonest  re- 
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Arrnmmodative  Effort.  There  seems  good  leason  to  Deiieve 
fy^TZ^n^ed^^^^^^^  tends  to  the  production  of  primary  glau- 
.^1^  Scheo  y  has  pubhshed  statistics  to  show  that  the  occur- 
TeZ  of  gtucoma  is  often  associated  with  neglect  of  the  use  of  proper 

^^"smailness  of  Cornea.  Priestley  Smith^  has  proved  conclusively 
that  eves  wit?^mall  cornea,  are  predisposed  to  primary  glaucoma^ 
^s^Js  iZZesin  which  the  cornea  measures  only  ten  1"-™ 
S'e  horizontal  diameter  seem  seldom  to  escape  the  ^^^^^a  e.  He  has 
farther  shown  that  smallness  of  the  cornea  means  smallness  of  the 

'^Detressing  Emotions.    Among  the  more  direct  causes  of  primary 
„lnnnnmn  first  and  foremost  is  emotional  excitement  of  a  depressmg 
iaiacSr'    G  ieT  onTecte^^  with  the  death  of  a  friend  or  re  ative 
aSy  connected  with  business  matters  or  worry  and  trouble  due 
rothe'r  cause,  very  commonly  precedes  the  onset  o  g  aucoma^ 

Widows  seem  especially  liable  to  glaucoma.  Thus  out  ot  ii /  cases 
74  were  feSs  43  males.  Of  the  74  females,  38  were  married,  27 
wicbws,  7TngTe,  2  unrecorded.    Of  the  43  males,  31  were  married, 

'^::7^''£^^  --ty  or  trouble,  yeiy  com- 
ing i^l^s^f  sleep,  ai^  ^ -o^  ^  ^  ^^oi^tS 

SymtS™^^^^^^^^  sat  up  at  night 

tPndino- some  dearly  loved  sick  relative  or  triend. 

coma,  but  may  not  previously  have  evinced  any  symptoms  of  the 

'^'Mydriatics.  The  use  of  a_mydriatic  such  as  atropine,  to  an  eye 
prSfs^sed  to  primary  glaucoma  is  very  liable  to  cause  mcre^e  of 
tension  and  its  application  may  excite  acute  attacks  It  used  in 
cta  onTc'  cases,  it  m'ay  intensify  the  increased  tension  and  cause  acute 

'''fflnfJeV"  A  slight  injury  of  the  eye,  an  abrasion  or  ulcer 
of  the  cornoTsometimel  seems  to  be  the  determining  cause  of  the 

TonltS  clnSns.  An  attack  of  fadal  neu,.lgia  is  some- 
times the  precursor  of  glaucoma.    Other  possible  contributing  con- 


1  A,„m„  f  Anhthalraoloele,  1«87,  Band  xxxviii.,  nb.  1,  S.  19o. 
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stitutional  causes  are  cold,  fatigue,  constipation,  and  vascular  or 
lung  affections  which  produce  venous  congestion  of  the  head  and 
eyes. 

The  Clinical  Types  of  Primary  Glaucoma. 

From  what  has  been  said  of  the  effects  of  increased  tension  on  the 
different  structures  of  the  eye,  it  will  be  seen  tliat  the  symptoms  of 
primary  glaucoma  vary  considerabl}^  according  to  its  mode  of  onset. 
Different  clinical  types  of  the  disease  may  consequently  be  described : 
acute  congestive,  subacute,  and  chronic  or  non-congestive. 

It  must,  however,  be  borne  in  mind  that  no  hard-and-fast  line 
can  be  drawn  between  these  different  types.  The-y  merge  into  one 
another.  An  eye  may  be  affected  with  one  type  of  the  disease  at 
one  time  and  a  different  one  at  another;  or  the  same  individual  may 
have  one  type  in  one  eye  and  a  different  type  in  its  fellow. 

Acute  Congestive  Crlaucoma.  An  acute  attack  of  glaucoma  may 
occur  in  a  person  who  has  not  previously  had  premonitory  symp- 
toms of  the  disease;  it  is  then  spoken  of  as  Julminaling  glaucoma. 
More  frequently  it  comes  on  in  those  who  have  experienced  one  or 
more  slight  subacute  attacks  or  in  a  patient  who  has  been  suffering 
from  the  chronic  form  of  the  disease. 

The  attack  is  ushered  in  by  sudden  aching  pain  in  the  eye  and 
forehead,  sometimes  also  of  the  whole  side  of  the  face.  Tliis  pain  is 
accompanied  by  a  general  feeling  of  malaise,  repeated  attacks  of 
vomiting,  and  loss  of  appetite.  So  severe  sometimes  are  these  gen- 
eral symptoms  that  they  are  attributed  to  "a  bilious  attack,"  and 
their  connection  with  the  affection  of  the  eye  is  often  overlooked, 
even  by  the  medical  attendant. 

The  vision  rapidly  fails,  going  on  in  the  course  of  a  few  hours  or 
days,  according  to  the  severity  of  the  attack,  to  bare  perception  of 
light  or  complete  blindness.  The  eyelids  and  conjunctiva  become 
somewhat  swollen  from  ctdema.  The  vessels  of  the  ocular  conjunc- 
tiva and  episcleral  tissue,  especially  the  main  trunks,  become  much 
congested  with  venous  blood.  The  cornea  loses  its  natural  brilliancy, 
presenting  a  dull,  hazy  appearance,  and  after  a  short  while  it  is  less 
sensitive  to  the  touch  than  normal.  The  anterior  chamber  is  very 
shallow ;  the  pupil  is  semidilated  and  iimnobile,  it  commonly  assumes 
a  somewhat  oval  shape,  and  may  be  eccentric.  The  iris  viewed 
through  the  dull  cornea  will  be  less  brightly  colored  than  that  of 
the  fellow  eye.  Turbidity  of  the  media  usually  prevents  any  view 
of  the  details  of  the  fundus  being  obtained  ophthalmoscopically.  On 
palpation  of  the  globe  through  the  hds,  the  tension  will  be  found 
considerably  raised,  usually  as  much  as  -1-2  or  4-3.  If  the  case  is 
left  to  itself  without  treatment,  the  symptoms  of  congestion  will  last 
some  weeks,  and  then,  as  the  intra-ocular  vascular  circulation  adapts 
itself  to  the  altered  conditions,  subside.  The  tension  of  the  eye,  how- 
ever, remains  increased.  The  subsidence  of  the  congestion  is  accom- 
panied by  relief  of  pain  and  some  improvement  of  sight.  The  cornea 
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hpmmes  less  hazy  and  a  view  of  the  fundus  can  be  obtained  oph- 
JhXoscop^^^^^^^^  if  the  case  has  been  of  s;ufficient  duration 

hrluacteristic  cupping  of  the  optic  be  dete^^^^^^^^^^ 

anterior  ciliary  vessels  remain  enlarged  and  the  pupil  dilated  acting 
very  U-htly  to  light.  Fresh  subacute  attacks  may  follow,  after  each 
of  which  leL  ancf  less  vision  is  recovered,  absolute  permanent  bhnd- 

^^£:S^^^S^t^st  acute  attack.the  ous  ccmdition 

will  become  chronic,  and  the  field  of  vision  gradually  and  steadily 
contracts  without  fresh  onsets  of  congestion  and  pam 

When  the  eye  has  become  quite  blind  and  the  condition  of  abso- 
lute glaucoma  is  established,  the  iris  will  be  much  shrunken  and 
discofo  ed  the  pupil  dilated  and  immobile;  at  its  margin  on  the 
See  of  the  irfs  there  will  be  a  dark  ring,  often  extending  farther 
?n  one  direction  than  elsewhere-ectropion  of  the  pigment  epithelium 
The  cornea  will  be  dull,  and  vesicles  may  form  on  ^ts  furjace^  it 
will  be  very  liable  to  become  ulcerated,  and  the  ulcer  will  be  difficult 
to  heal,  oflen  going  on  to  perforation,  with  escape  of  some  of  the 

'°TSnttloi'c&  continue  very  shallow,  and  a  dull  grayish- 
green  reflex  often  be  seen  from  the  pupil,  or  the  lens  may  become 
cataractous.  The  anterior  perforating  vessels  remain  enlarged,  and 
S  weak  spots  in  the  walls  of  the  globe  the  sclerotic  will  give, 
becomina:  staphylomatous  and  discolored. 

'  sXacute  Glaucoma.  Subacute  attacks  of  g^— ' -^-/-^^ 
said  may  precede  or  succeed  an  acute  attack.     They  may  also 

^Ta'sSuttLk  the  symptoms  are  of  a  character^ s^^^^^^^^^ 
those  in  an  acute  attack,  but  of  less  severity.  The  pam  is  confin^^^^^ 
to  the  eye  and  is  of  the  nature  of  a  ciliary  ^^uralgia.  The  patient 
complains  that  during  the  attack  there  is  an  ^PPearance  as  of  a  fog 
or  mist  in  front  of  the  sight,  and  that  around  lamps  ^t  iiight-to 
he  sees  rings  of  colors  like  those  of  a  rainbow.  The  field  of  vision 
shows  contraction,  usually  on  the  nasal  side. 

The  iniection  of  the  eye  is  not  very  intense;  it  has  a  dusky  hue 
and  usually  is  confined  to  the  anterior  perforating  and  episclera^ 
vessels.  There  is  a  slight  steaminess  of  the  cornea  especially  about 
its  centre,  resembling  glass  which  has  been  breathed  ^P^n.  The 
pupil  is  s^midilated  and  sluggish  in  action;  the  anterior  chambei  is 
shallow.  On  ophthalmoscopic  examination  the  optic  disk  will  be 
found  cupped.  In  an  early  case  the  cupping  may  be  very  slight 
amounting  to  only  a  slight  abrupt  bending  of  the  vessels  at  one 

"^Th^ tension  will  generally  be  found  about  +1  or  +2.  A  sub- 
acute attack  may  vary  in  duration  from  a  few  hours  to  a  few  days._ 

In  some  patients  the  symptoms  come  on  m  the  evenings,  subsiding 
after  a  night's  rest.  In  the  intervals,  at  first,  per  ect  vision  is  re- 
stored, or  a  sUght  contraction  of  the  field  may  be  the  only  damage 
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that  has  been  effected.  As  the  attacks  become  repeated,  more  and 
more  permanent  damage  ensues,  the  amount  depending  largely  on 
their  severity  and  duration. 

Some  cases  after  one  or  two  subacute  attacks  settle  into  a 
chronic  state  with  a  persistent  small  amount  of  increase  of  tension 
without  further  exacerbation  of  symptoms,  except  steady  contrac- 
tion of  the  field  of  vision. 

Chronic  Non-congestive  Glaucoma.  A  case  of  glaucoma  may  run 
a  chronic  course  from  first  to  last.  A  case  commencing  as  chronic 
glaucoma  may  become  complicated  with  an  acute  or  subacute  attack. 
A  case  beginning  with  an  acute  or  subacute  attack  may  afterward 
pass  into  a  chronic  condition.  In  chronic  glaucoma  there  is  no  pain, 
and  the  patient  is  unable  to  state  definitely,  in  a  case  commencing 
as  such,  when  the  affection  began.  The  disease  may  progress  to 
almost  complete  blindness  in  one  eye  in  unobservant  patients  with- 
out their  knowing  that  anj^thing  is  the  matter. 

An  early  symptom  often  is  the  apparent  rajDid  advance  of  pres- 
byopia, the  patients  having  to  keep  on  changing  and  increasing 
the  strength  of  their  glasses  for  reading. 

There  is  no  injection  of  the  eye,  or  at  most  a  slight  increase  in  the 
size  of  the  anterior  perforating  veins."  To  outward  appearances 
no  alteration  in  the  eye  is  to  be  observed.  The  cornea  remains 
bright,  and  the  pupil  of  normal  size  and  reacting  to  light.  The 
anterior  chamber  is  usually  shallower  than  normal. 

The  only  subjective  symptom  is  the  loss  of  sight,  which  commences 
at  the  periphery  of  the  field  and  extends  inward.  The  failure  in 
vision  may  be  exceedingly  slow,  extencUng  over  many  years.  Often 
perfect  central  vision  is  retained  when  the  field  has  become  con-, 
tractod  close  up  to  the  central  area  in  all  directions.  The  degree  of 
tension  varies  in  amount  and  in  different  cases. 

There  are  cases  in  which  the  tension  is  hardly  ever  found  to  be 
appreciably  increased  by  the  finger-test,  but  in  which  the  cupping 
of  the  optic  disk  and  loss  of  vision  ensue  in  the  same  way  as  in  cases 
of  chronic  glaucoma,  where  the  increase  of  tension  is  undoubted.  It 
is  possible  that  in  some  of  these  cases  the  tension  becomes  raised 
only  in  the  evenings,  at  which  times  they  are  not  under  observation 
of  the  surgeon ;  or  it  may  be  that  there  is  abnormal  elasticity  of 
the  lamina  cribrosa,  which  allows  it  to  be  depressed  back,  with  an 
exceedingly  slight  increase  of  the  normal  amount  of  intra-ocular 
pressure. 

In  other  cases  of  chronic  glaucoma  the  tension  varies  in  degree  from 
time  to  time ;  it  may  be  as  much  as  +  2. 

Ophthalmoscopically,  characteristic  cupping  of  the  optic  disk,  with 
a  well-marked  scleral  ring  surrounding  the  disk,  is  seen.  Pulsation 
of  the  retinal  arteries  in  the  vicinity  of  the  disk  will  be  present  or 
readily  obtained  by  slight  pressure  of  the  finger  on  the  globe.  The 
choroid  will  present  a  tessellated  appearance. 
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Diagnosis  of  Primary  Glaucoma. 

In  cases  of  acute  glaucoma  the  general  disturbance  is  often  so 
great  that  the  fact  that  it  is  all  secondary  to  increased  tension  o 
the  eye  is  liable  to  be  overlooked.  Cases  of  acute  glaucoma  not 
uncommonly  are  treated  for  sick  headache,  neura  gia  erysipelas, 
Zri  za,  or  toothache,  and  much  valuable  time  is  thereby  lost^ 
The  rapid  failure  of  vision  should  serve  at  once  to  distinguish 
glaucoma  from  such  affections.  The  shallow  anterior  chamber,  dull 
cornea,  semidilated  pupil,  and  increase  of  tension  should  determine 

^^'I'^difficuTty  sometimes  arises  in  distinguishing  cases  of  subacute 
primary  glaucoma  from  nitis.    The  difficulty  is  much  increased  when 
as  occasionally  happens,  the  iritis  is  associated  with  increase  of 
tension.    In  both  conditions  the  iris  may  be  altered  m_  brightness 
or  color    The  presence  of  posterior  synechia  should  point  at  once 
to  nitis'  but  it  may  be  difficult  to  decide  whether  or  not  any  are 
present  without  dilating  the  pupil;  and  if  the  case  is  one  of  primary 
glaucoma,  it  is  very  desirable  not  to  use  a  mydriatic    In  glaucoma 
there  will  not  be  so  much  ciliary  injection  and  photophobia  as  m 
iritis     The  anterior  chamber  will  be  shallow,  while  in  mtis  it 
will  be  of  normal  depth,  or  possibly  deeper  than  normal,  with 
dotted  opacities  on  the  back  of  the  cornea  (keratitis  punctata). 
The  history  of  the  case  may  assist  in  the  diagnosis.    In  pnmary 
glaucoma  a  history  of  previous  attacks  of  dimness  of  sight  with 
an  appearance  of  rainbow  colors  around  hghts  may  be  elicited, 
while  in  iritis  there  may  have  been  a  recent  attack  of  syphihs  or 
gonorrhoeal  arthritis,  or  previous  attacks  of  similar  inflammation 
in  the  eye  itself  or  the  fellow  eye.  Differentiation  between  these  two 
affections  is  of  importance  in  deciding  whether  to  prescribe  a 
myotic  or  a  mydriatic.  . 

Confusion  sometimes  occurs  in  distinguishing  between  cupping 
of  the  optic  disk  due  to  glaucoma,  cupping  due  to  atrophy,  and 
cupping  the  result  of  a  physiological  pecuhanty. 

As  already  stated,  the  glaucomatous  cup  is  due  to  atrophy  ot  th. 
nerve  fibres  down  to  the  lamina  cribrosa  and  depression  backward 
of  the  lamina  cribrosa.  In  an  atrophic  cup  there  is  no  depression 
backward  of  the  lamina  cribrosa,  only  atrophy  of  the  nerve  fibres 

down  to  it.  ,  ,  .  ^ 

Both  the  glaucomatous  cup  and  the  atrophic  cup  occupy  the 
whole  area  of  the  optic  disk.  The  latter,  however,  has  gradually 
shelving  edges,  while  the  former  has  steep  sides  or  overhanging  edges, 
around  which  the  retinal  vessels  disappear  for  a  portion  ot  their 

^^The  physiological  cup  is  produced  by  divergence  of  the  nerve  fibres 
as  they  enter  the  eye  after  piercing  the  lamina  cribrosa.  This  diver- 
gence occurs  sooner  or  is  more  marked  in  some  eyes  than  m  others; 
then  a  cup  or  depression  is  found  in  the  head  of  the  nerve.    It  is 
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distinguished  from  the  other  two  forms  of  cupping  by  never  occujDy- 
ing  the  whole  area  of  the  optic  disk.  Like  a  ghiucomatous  cup,  it 
sometimes  has  an  overhanging  edge,  around  which  the  retinal  vessels 
are  seen  to  curl ;  this  may  at  times  lead  inexperienced  observers  into 
making  an  erroneous  diagnosis,  which  can  be  avoided  by  observing 
that  only  a  portion  of  the  disk  is  involved. 

The  diagnosis  between  cases  of  chronic  glaucoma,  where  the  tension 
is  not  increased  at  the  time  the  patient  is  seen,  and  cases  of  primary 
optic  atrophy,  is  not  always  easy.  Besides  the  differences  in  the 
character  of  the  cupping  of  the  nerve  just  mentioned,  pulsation  of 
the  retinal  arteries  in  the  vicinity  of  the  disk  should  be  looked  for. 
Its  presence  should  point  at  once  to  glaucoma.  If  absent,  a  slight 
amount  of  pressure  should  be  made  on  the  globe  with  the  finger,  to  see 
if  it  can  easily  be  evoked. 

The  character  of  the  field  of  vision  may  be  of  considerable 
assistance  in  distinguishing  between  these  two  affections.  A  con- 
traction of  the  inner  part  of  the  field  is  a  characteristic  symptom 
of  glaucoma.  The  field  in  both  conditions  may  be  concentrically 
contracted  or  present  sector-shaped  defects.  In  atrophy  the  fields 
for  color  will  be  contracted  out  of  proportion  to  that  for  white,  or 
there  may  be  complete  color  blindness;  while  in  glaucoma  the 
contraction  of  the  fields  for  color  is  always  concentric  with  that  for 
white,  and  color  blindness  is  met  with  only  in  the  latest  stages  of 
the  disease. 

Varieties  of  Secondary  Glaucoma. 

As  the  result  of  various  different  diseased  conditions  of  the  eye,  a 
derangement  of  the  circulation  of  the  intra-ocular  fluid  is  liable  to 
occur,  resulting  in  increased  tension. 

The  different  diseases  in  connection  with  which  secondary  glau- 
coma occurs  are  dealt  with  in  detail  in  other  portions  of  this  work; 
it  is  necessary  here  only  to  enumerate  them,  and  to  point  out  the 
manner  in  which  each  interferes  with  the  circulation  so  as  to  produce 
the  glaucomatous  condition. 

Posterior  Synechise  of  Iris.  As  the  result  of  iritis,  the  pupillary 
margin  of  the  iris  may  become  adherent  to  the  lens  capsule  in  its 
entire  circumference,  a  condition  spoken  of  as  annular  posterior 
synechia.  The  aqueous  humor  then  is  obstructed  in  its  passage  for- 
ward through  the  pupil  into  the  anterior  chamber.  It  accumulates 
between  the  iris  and  lens,  bomng  the  former  forward  and  producing 
the  condition  termed  iris  bombe.  At  first  this  accumulation  of  fluid 
behind  the  iris  is  compensated  for  by  escape  of  fluid  from  the  anterior 
chamber.  Ultimately  the  root  of  the  iris  comes  into  contact  with 
the  back  of  the  cornea,  so  that  not  only  is  passage  of  fluid  through 
the  pupil  obstructed,  but  also  any  escape  through  the  spaces  of  Fon- 
tana.    The  tension  then  becomes  increased. 

This  is  a  form  of  secondary  glaucoma  which  is  readily  relieved 
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hv  iridectomy  AVhen  a  portion  of  the  iris  is  removed,  flmd  can  again 
pirtwa^f  into  the  anterior  chamber  and  the  normal  cn-culation 

"lmX:fasSesult  of  iritis,  not  only  the  pupillary  margin,  but 
alsoX  whole  of  the  posterior  surface  of  the  iris  becomes  ^^rted  to  the 
fens  capsule,  a  condition  known  as  toLal  vostenor  synechicE  Where 
h  s  is  present,  the  secretion  of  the  ciliary  body  is  unable  to  find  its 
way  orCd  between  the  iris  and  lens.  It  accumulates  m  the  vitreous 
chamber  increasing  the  pressure  there,  and  forcing  forward  the  lens 
and  his  When  the  root  of  the  latter  comes  into  apposition  with  the 
pS  Zry  of  the  cornea,  farther  escape  of  fluid  from  the  anterior 
Sa£  tl^ough  the  filtration  area  is  blocked,  and  glaucoma  becomes 

''The  rS  of  tension  in  this  condition  by  iridectomy  is  not  an  easy 
matter.    It  is  very  difficult  to  remove  a  piece  of  ms  which  will  allow 


Fig.  324. 


Glaueon^a  secoaaary  to  iritis  and  the  for^n.tion  of  ^-^^^^-^-^-^^^^^^^^^ 

in  the  posterior  chamber  has  bowed  the  ins  forward  into  contact  with  the  oacK  oi 

of  the  satisfactory  passage  of  fluids  forward,  so  firmly  is  it  bound 
down  and  so  frail  does  its  tissue  become.  ^  ■ 

Anterior  Synechise  of  Iris.  The  formation  of  an  extensive  adhe- 
sion of  the  iris  to  the  scar  tissue  left  after  a  perforating  ulcer  of  the 
cornea  may  prevent  passage  of  fluid  through  the  pupil,  so  that  the 
whole  anterior  chamber  becomes  obliterated.  The  aqueous  humor 
accumulates  between  the  back  of  the  iris  and  lens;  none  can  gam 
exit  from  the  eye  through  the  spaces  of  Fontana  or  through  the  lymph 
spaces  on  the  anterior  surface  of  the  iris.  The  tension  then  is  in- 
creased, as  the  result  of  wliich  the  recently  inflamed  and  softened 
corneal' tissue  gives  and  becomes  staphylomatous. 

A  less  extensive  adhesion  of  .the  iris  to  the  cornea,  which  does  not 
involve  the  entire  circumference  of  the  pupil,  may  cause  it  to  be 
so  drawn  forward  as  to  bring  its  root  into  contact  with  the  back  of  the 
cornea  By  an  obstruction  to  the  passage  of  fluid  through  its  inain 
exit  at  the  angle  of  the  anterior  chamber,  glaucoma  is  established. 
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Such  an  obstruction  is  especially  liable  to  occur  when  a  cornea  becomes 
staphylomatous,  as  an  increase  in  the  prominence  of  it  tends  to  draw 
the  iris  still  farther  forward. 

Anterior  Synechiae  of  Lens  Capsule  or  Hyaloid  Membrane  of 
Vitreous.  After  the  operations  of  extraction  of  cataract,  or  discission, 
or  after  wounds  of  the  eye,  adhesions  of  the  capsule  or  jDortions  of 
the  vitreous  humor  to  the  cornea  are  liable  to  form.  These  struc- 
tures, normally  situated  behind  the  level  of  the  iris,  when  advanced 
in  position  in  this  way,  may  so  draw  it  forward  as  to  bring  its  root 
into  contact  with  the  back  of  the  cornea,  blocking  the  filtration  area.' 
Glaucoma  may  thus  be  produced,  even  when  iridectomy  has  been 
performed,  the  filtration  area  opposite  the  coloboma  being  blocked 
by  a  small  piece  of  the  root  of  the  iris,  which  has  been  left,  or  by 
the  most  anterior  of  the  ciliary  processes.    Glaucoma  has  occurred 


Fig.  325. 


Glaucoma  secondary  lo  the  formation  of  an  anterior  synechia  of  the  lens  capsule  after  extraction 
of  cataract.  An  iridectomy  had  been  performed,  but  in  the  region  of  the  coloboma  the  filtration 
area  is  blocked  by  the  anterior  of  the  ciliary  processes,  drawn  forward  by  the  adherent  capsule. 
On  the  opposite  side  the  angle  of  the  anterior  chamber  is  blocked  by  a  broad  adhesion  of  the  root 
of  the  iris. 

when  the  whole  of  the  iris  has  escaped  through  a  wound  (traumatic 
aniridia"),  the  filtration  area  being  blocked  in  its  entire  circum- 
ference by  the  anterior  of  the  ciliary  processes,  drawn  forward  by 
reason  of  adhesion  of  the  lens  capsule  to  the  cornea. 

Wounds  of  the  Lens.  Increase  of  tension  sometimes  results  from 
swelling  of  the  lens  substance  in  its  capsule,  after  some  of  the  aqueous 
humor  has  been  admitted  to  it  through  a  womid.  In  such  cases 
the  swollen  lens  seems  directly  to  press  forward  the  iris  and  close  the 
filtration  area.  The  tension  can  usually  be  relieved  by  making  a 
freer  opening  in  the  capsule  and  allowing  some  of  the  lens  matter  to 
escape  from  the  eye  or  into  the  anterior  chamber. 

1  Transactions  of  the  Ophthalmological  Society  of  the  United  Kingdom,  1890,  vol.  x.  p.  108. 
-'  Ophthalmic  Review,  1891,  vol.  x.  p.  105. 
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Increase  of  tension  may  also  occur  after  wounds  of       lens.  J^^n 


Fig.  326. 


the  cornea,  and  the  iris  closely  Pressed  forward  into  contact  ^v:^  fallen  slightly  apart. 

^r:;f^^thJSir==^t;s= 

with  the  lens,  is  well  shown. 

After  the  operation  of  discission  for  lamellar  cataract  increased 
teiS^^on  is  of  not  uncommon  occurrence.  The  aqueous  humor  becomes 
loaded^th  the  colloid  substance  globulin,  of  which  the  lens  is  mamly 


Fig.  327. 


GlBucoma  secondary  to  traumatic  dislocation  of  the  lens.  The  displaced  lens  has  pressed  forward 
th!  ms°ro  contact  wito  the  back  of  the  cornea.  The  iris  and  ciliary  body  where  they  were  m 
appcLition  with  th^ls  are  much  atrophied.  In  the  preparation  of  the  specimen  an  obvious 
slight  alteration  in  the  position  of  the  lens  has  taken  place. 

composed;  it  is  then  much  less  easy  for  it  to  filter  out  of  the  eye 
than  in  its  normal  condition.  It  is  possible  also  that  bits  of  undis- 
solved lens  substance  may  become  entangled  m  the  mesh  ot  the 
lieamentum  pectinatum  and  fill  up  the  spaces  contained  m  it  in- 
creased tension  brought  about  in  this  way  is  always  readily  relieved 
by  a  paracentesis  and  evacuation  of  the  lens  matter. 
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.  Dislocation  of  the  Lens.  Glaucoma  is  a  not  infrequent  accom- 
paniment of  dislocation  of  the  lens.  Cases  are  met  with  in  which 
the  suspensory  ligament  is  deficient  in  a  portion  of  its  circumference, 
and  the  remainder  so  attached  as  to  allow  the  lens  to  sway  backward 
and  forward  with  movements  of  the  head.  In  some  of  these,  when 
the  patient  hangs  Ms  head  down  and  the  lens  falls  forward,  the  ocular 
tension  becomes  increased,  returning,  however,  to  normal  when  he 
raises  his  head  and  the  lens  falls  back. 

Similarly,  permanent  displacement  forward  of  the  lens  into  the 
anterior  chamber,  either  completely  or  partially,  causes  increase  of 
tension.    The  displaced  lens  fills  up  the  pupil  and  blocks  the  passage 

of  fluid  through  it.  The  aqueous 
humor  then  accumulates  ua  the 
vitreous  chamber.    (Fig.  326.) 

When  the  lens  is  displaced 
backward  or  laterally  and  in- 
creased tension  results,  the  angle 
of  the  anterior  chamber  is  always 
found  closed.  The  relative  altera- 
tion in  position  of  the  lens  and 
vitreous  body  seems  to  force 
directly  forward  the  root  of  the 
iris.    (Fig.  327.) 

Serous  Cyclitis.  When  the 
ciliary  body  is  inflamed,  the  fluid 
secreted  by  it  is  in  excess  and 
altered  in  character;  it  is  more 
serous  than  normal,  and  is  mixed 
with  a  number  of  formed  ele- 
ments, leucocj^es,  and  cells  which 
have  desquamated  from  the 
secreting  surface.  The  increased 
amount  of  albumin  in  the  fluid 
makes  it  more  difficult  for  it  to  filter  out  of  the  eye.  The  formed 
elements  in  it,  as  they  pass  through  the  ligamentum  pectinatum,  get 
caught  in  the  mesh,  and,  accumulating  there,  cause  obstruction. 
(Fig.  328.) 

There  are  then  these  three  factors  which  combine  to  give  rise  to 
increased  tension  in  serous  cyclitis:  (1)  excess  of  secretion;  (2)  albu- 
minous character  of  the  aqueous  humor;  (3)  accumulation  of  inflam- 
matory cells  in  the  spaces  of  Fontana. 

The  obstruction  to  the  circulation  of  the  fluid  being  primarily  at 
the  outlets  from  the  anterior  chamber,  and  the  albuminous  character 
of  the  fluid  making  it  difficult  for  it  to  filter  through  the  anterior 
hyaloid  membrane  into  the  vitreous,  an  accumulation  takes  place  in 
the  anterior  chamber,  which  becomes  deepened,  the  lens  and  iris 
being  depressed  backward.  The  glaucoma  in  such  cases  is  treated 
best  by  repeated  paracentesis,  rather  than  iridectomy, 


Fig.  328. 


Angle  of  the  anterior  clmmber  in  iin  eye  which 
had  Blauconiii  secondnry  to  serous  iridocyclitis. 
It  sliows  wide  separntiou  of  the  root  of  the  iris 
from  the  back  of  the  cornea,  but  an  accumu- 
lation of  inflammatory  cells  on  the  inner  surface 
of  Descemet's  membrane  and  in  the  mesh  of 
the  ligamentum  pectinatum. 
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Fig.  329. 


1    ni„.«,«ro     A  +nTnnr  ffrowing  forward  from  the  retina, 

chamber,  and  an  increased  f^^Pf ,  ^sf:" 

r  in  J~he  .en.  and  iris  are  P^-^" ^  t 
rne^  Z':'^rZ:Zu.T:\::^'^t  oSd  .o.  ^..e  eye 

is  established     (Fig.  3290  ,       1^^^^  has  caused 

In  a  case  of  sarcoma  of  the  iris      cinary  uuuy 
increase  of  tension,  it  will  generally  be  found  ^^at  the  spaces 
tana  contain  cells  similar  in  cl-racte^to  those  of  t^^^^  growth,    i  y 
are,  naturally,  most  numerous  m  the  part  m  the  vicinity 
gro\v-th,  but  may  also  be  met  with  m 
parts  quite  remote  from  it.  The 
angle  of  the  anterior  chamber  may 
also  be  found  closed,  by  the  root  of 
the  iris  having  been  directly  pushed 
forward  by  the  growth,  or  by  thick- 
ening of  the  root  of  the  ins  by  the 
growth  itself. 

Epithelial  Cysts  in  the  Anterior 
Chamber.^  When  an  opening  has 
been  made  mto  the  anterior  cham- 
ber, either  by  an  operation  or  acci- 
dentally, some  of  the  surface  epi- 
thelium may  be  implanted  or  spread 

along  the  wound  into  the  anterior 

chamber.    The  epithelium,  subse- 

Z'flt.^o^.^t.tt^^^  the  passage  of  aqueous  humor 

"^'^i^a— T  tt\Ttil~coma  sometimes  comes  on  in 
ev^st'thXple  detachment  of  the  retina.  When  this  is  the  case  he 
nresenfe  of™n  intra-ocular  growth  is  generally  suspected  and  often 
ft Tnot  until  the  removal  of  the  eye  that  it  -  -certW  ^^^^^^^ 
thnt  the  condition  is  one  of  simple  detachment.    The  extent  ot  tne 

^emorrag  or  serous'^lusion  into  the  subretinal  space  f orces  ^ ™^ 
Ser^B  and  iris,  blocking  the  angle  of  the  anterior  chamber,  much  m 
the  same  way  as  in  the  case  of  an  intra-ocular  growth. 

T^mb^sfs  of  the  Retinal  Veins.  The  condition  which  is  com- 
r.onwTDoken  of  as  "hemorrhagic  retinitis"  is  probably  m  most 
"rs'^:luTto  thrombosis  of  the  central  retinal  vein;  it  may  sometimes 

.  Transaction,  of  the  OpMhalmologlcal  Society  of  the  United  Kingdom,  1892,  vol.  xii.  p.  175. 


Glaucoma  secondary  to  melanotic  ear- 
coma  of  the  ciliary  body.  The  lens  is 
shown  directly  pressed  forward  by  the 
growth  The  angle  of  the  anterior  cham- 
ber is  closed  by  contact  of  the  root  of  the 
iris  and  cornea. 
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be  the  precursor  of  an  attack  of  glaucoma.  The  symptoms  of  the 
attack  resemble  those  of  a  case  of  prmiary  glaucoma,  from  which 
it  can  only  be  distinguished  by  the  presence  of  numerous  hemor- 
rhages scattered  over  the  retina,  and  the  enlargement  of  the  retinal 
veins. 

Thrombosis  of  the  retinal  vein  is  mostly  met  with  in  elderly  people, 
and  may  exist  without  any  increase  of  ocular  tension 

It  seems  probable  that  it  is  only  in  those  eyes  which  are  struc- 
turally predisposed  that  glaucoma  is  set  up,  increase  of  pressure  in 
the  vitreous  chamber  being  the  exciting  cause.  The  venous  engorge- 
ment and  serous  effusion  into  the  retina,  together  with  the  serous 
effusion  into  the  vitreous  which  follows  thrombosis,  cause  this 
increase  of  pressure.  In  such  cases  the  iris  and  lens  are  pressed 
forward  and  the  angle  of  the  anterior  chamber  closed.  It  is  a  con- 
dition which  it  is  very  necessary  to  differentiate  from  primary  glau- 
coma, because  operative  procedures  on  such  eyes  are  followed 
frequently  by  extensive  and  disastrous  hemorrhage. 

Where  possible,  operations  in  such  cases  should  be  avoided,  pref- 
erence being  given  to  treatment  with  myotics.  If  an  operation 
becomes  urgently  necessary,  a  paracentesis  or  sclerotomy  should  be 
performed,  the  escape  of  fluid  and  lowering  of  tension  being  effected 
as  gradually  as  possible. 

Congenital  Aniridia  and  Coloboma  of  the  Iris.  That  glaucoma 
can  supervene  when  there  is  apparently  entire  congenital  absence, 


Congenital  aniridia  in  which  glaucoma  followed  ou  a  perforating  ulcer  of  the  cornea.  The  angle 
of  the  anterior  chamljer  is  shown  blocked  by  a  very  rudimentary  iris,  which  was  so  small  as  not  to 
be  visible  clinically.   It  has  become  adherent  to  the  back  of  the  cornea. 

or  a  coloboma  of  the  iris,  seems  at  first  wholly  out  of  keeping  mXh 
the  fact  that  an  iridectomy  is  the  most  effective  treatment  for  the 
relief  of  tension.  Several  cases  of  glaucoma,  both  primary  and 
secondary,  in  association  with  these  defects  have  been  recorded.' 
(Fig.  330.)    Pathological  examination  of  eyes  with  these  defects  has 

1  Ophthalmic  Eeview,  1891,  p.  101;  Transactions  of  the  Ophthalmological  Societv  of  the  United 
Kingdom,  1893,  vol.  xiii.  p.  128. 


Fig.  330. 
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shown  that  the  ciUary  body  really  ends  in  a  small  .^^imentary  ms 
wS  though  not  of  sufficient  length  to  render  it  visible  beyon 
The  scle roconieal  margin,  is  of  sufficient  size  when  pressed  forward 
o  blocr^  mtratioS  al-ea.    In  two  cases  where  —^^^^^ 
was  present  the  rudimentary  iris  was  actually  found  blocking  tiie 

Th"eason  to  believe  that  cases  with  congenital  defects  of  the 
iris  n  ay  be  predisposed  to  glaucoma.  Strands  of  tissue  have  been 
found  stretching  from  the  anterior  surface  of  the  defective  ms  to 
the  UgamentrniTpectinatum,  showing  a  congenitally  imperfect  sepa- 
ration  of  these  structures. 

Congenital  Glaucoma,  or  Primary  Buphthalmos. 

Enlargement  of  the  cornea,  and  the  production  of  a  condition  re- 
semS  STbullock'^  eye,  may  occur  as  the  result  of  mcreased  intra- 
ocular tension  in  cMldren,  in  whatever  way  that  increase  is  brought 

""^There  is  a  form  of  buphthalmos  that  is  not  the  result  of  any 
obvious  precedent  disease,  and  that  may  be  termed  primary.  In 
manrsuch  cases  a  definite  history  of  the  symptoms  datmg  from 
birth  can  be  obtained,  and  probably  so  in  all,  the  symptoms  m  some 
at  first  being  so  slight  as  to  escape  observation. 

The  increase  of  tension  is  unaccompanied  by  injection  or  other 
aclte  symptoms  The  enlargement  of  the  globe  continues  steadily 
Sout%ain.  It  is  not  only  the  cornea  that  is  increased  in  size, 
but  the  whole  eyeball  in  all  its  meridians  as  well. 

The  measurements  of  the  eye  of  a  boy,  aged  four  years,  whi  h 
was  affected  in  this  way,  were:  antero-posteriorly  28  mm.,  vertica  ly 
26  5  mm.,  while  the  diameter  of  the  cornea  was  14.5  mm.  Besides 
having  its  diameters  increased,  the  cornea  becomes  more  convex  and 

^^°Th^stretSMng"of  the  cornea  and  sclerotic  occasions  thinning  in 
the  latter.  This  thinning  allows  of  the  pigment  of  the  uveal  tract 
being  seen  through,  so  that  it  appears  of  a  bluish-gray  color 

The  anterior  chamber  becomes  very  deep,  and  the  ins  is  often 
tremulous  on  movements  of  the  eye,  from  weakening  of  the  suspensory 
ligament  or  fluidity  of  the  vitreous  behind  it.  Ophthalmoscopically, 
the  optic  disk  is  found  deeply  cupped.  _ 

In  some  cases  the  increased  tension  persists,  and  failure  of  signt 
steadily  progresses  until  the  eye  becomes  quite  blind.  In  others,  a 
spontaneous  relief  of  tension  occurs,  and,  although  the  eye  remains 
permanently  enlarged,  there  is  no  further  increase  m  size  or  deterio- 

'"''1°  congeffiui  malformation^  in  the  channels  of  exit  of  fluid  from 

.  Treacher  Collins,  Researches  into  the  Anatomy  and  Pathology  of  the  Eye,  p.  104.  F.  R.  Cross, 
Transactions  of  the  Ophthalinological  Society  of  the  United  Kingdom,  vol.  xvi.  p.  304. 


554 


THE  EYE. 


the  eye  is  the  probable  cause  of  the  increase  of  tension  in  these  cases. 
In  some  a  congenital  adhesion,  or,  rather,  failure  in  separation  of 
the  periphery  of  the  iris  and  back  of  the  cornea,  has  been  found ,  in 
some,  strands  of  tissue  about  the  angle  of  the  anterior  chamber,  sug- 
gestive of  adhesions  which  had  become  stretched  and  broken  down 
by  the  collection  of  fluid  in  the  anterior  chamber,  which  forced  back- 
ward the  iris  and  forward  the  cornea.  Such  a  breaking  down  of 
congenital  adhesions  which  at  one  time  existed,  explains  the  cases 
in  which  spontaneous  relief  of  tension  occurs.  In  other  cases  the 
canal  of  Schlemm  was  stated  to  be  congenitally  absent. 

The  operations  of  iridectomy  and  sclerotomy  in  these  cases  fre- 
quently fail  to  relieve  tension  or  to  check  the  expansion  of  the  globe, 


Fig.  331. 


The  angle  of  the  anterior  chamber  in  a  case  of  congenital  glaucoma  or  primary  buphthalmos. 
Showing  a  congenital  adhesion  of  the  root  of  the  iris  to  the  back  of  the  cornea.  The  rest  of  the  iris 
is  widely  separated  from  the  cornea,  the  anterior  chamber  having  been  very  deep. 

and  are  attended  with  greater  risk  than  in  cases  of  glaucoma  in  the 
adult. 

The  expansion  of  the  globe  causes  stretching  and  weakening  of 
the  suspensory  ligament  of  the  lens,  which  renders  it  very  liable  to 
rupture  on  the  escape  of  aqueous  from  the  deepened  anterior  cham- 
ber. Dislocation  of  the  lens  or  loss  of  vitreous,  which  is  usually  of 
a  fluid  consistency,  are  complications,  therefore,  likely  to  occm*. 

Repeated  paracentesis  and  the  use  of  myotics  have  been  employed 
as  alternative  measures,  and,  although  attended  with  less  danger, 
are  frequently  equally  unsuccessful  in  checking  the  progress  of  the 
affection. 

The  appearances  of  some  of  the  eyes,  which  have  been  removed  for 
this  condition,  suggest  that  the  adherent  tags  of  tissue  about  the  root 
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of  the  iris  might  be  disengaged  or  incised  by  "^he  Pf  t  of  a^k^^^^^^^^ 
passed  into  the  extreme  angle  of  the  chamber.  Such  an  opjat  on 
has  been  practised  by  Vincenti^  for  glaucoma  m  the  eyes  of  older 
people. 

Pathogenesis  of  Primary  Glaucoma. 

The  whole  sequence  of  events  which  result  in  the  Production  of 
mcreased  tension  in  primary  glaucorna  is  by  no  means  ^^  ^^^^^^^^^ 
in  some  of  the  secondary  forms  of  the  affection  It  is  needless  here 
to  enter  into  the  numerous  theories  which  have  been  suggeBted  ^  to 
the  origin  of  this  disease,  many  of  which,  with  the  growth  o 
knowTe^e  respecting  the  intra-ocular  circulation,  have  been  shown 

'^^yTnl'rTasl'of  secretion  into  the  eye  is  compensated  for  b^^^^^^^ 
increased  outflow,  so  that  no  theory  of  the  pathogenesis  of  gktucmna 
based  on  an  increased  secretion  alone  can  be  accepted.  We  must 
So  the  channels  of  exit  of  fluid  from  the  eye  for  some  obstruc- 
tion to  account  for  the  increased  intra-ocular  pressure. 

L  poTnted  out  by  Max  Knies  and  Weber,  the  filtration  area  at 
the  angle  0  the  anterior  chamber  in  primary  glaucoma  is  found 
obstructed  by  apposition  or  adhesion  of  the  root  of  the  iris  to  the 
^rip^ry  of^he  cornea,  the  iris  apparently  being  pushed  forward 
by  pressure  of  the  ciliary  processes  against  its  root. 

If  a  block  to  the  exit  of  fluids  from  the  eye  at  the  angle  of  the 
anterior  chamber  is  the  primary  cause  of  glaucoma,  we  should 
expect  to  meet  with  an  acciunulation  of  aqueous  humor  and  a  deepen- 
ing of  the  anterior  chamber.  Instead  of  this,  we  find  the  anterior 
chamber  shallowed,  the  shallowness  often  preceding  the  onset  of 

PriTstty^Smhh  has  met  this  difficulty  by  suggesting  that  there  is 
at  first  an  accumulation  of  fluid  in  the  vitreous  chamber,_  due  to 
obstruction  at  the  circumlental  space,  which  causes  the  lens  ^^j^' ™ 
ciliary  processes  to  be  pressed  forward.  He  has  shown  that  changes 
which  predispose  to  narrowing  of  the  circumlental  space  predispose 
to  glaucoma.  It  wiU  be  well  here^to  quote  Ins  words  m  which  he 
sums  up  his  views  on  this  matter:^ 

"Primary  glaucoma  appears  usually  to  depend  on  some  vascular 
disturbance  which  congests  the  uveal  tract,  or  upon  a  aulty  relation 
of  the  lens  to  the  parts  around  it,  or  upon  both.  If  the  patient  be 
elderly,  we  know  that  the  lens  is  relatively  large  If  the  cornea  be 
small  we  may  infer  that  the  whole  eyeball  is  small,  and  that  the  rela- 
tions of  the  lens  are  such  as  to  predispose  to  compression  of  the 
filtration  angle,  especially  during  dilatation  of  the  pupfl  An  obstruc- 
tion in  the  region  of  the  hyaloid  and  the  circumlental  space  which 
checks  the  escape  of  surplus  fluid  from  the  vitreous  and  leads  to  an 

1  Kevue  g6n6rale  d'Oph.,  November  30, 1894. 

2  NonlB  and  Oliver,  System  of  Diseases  of  the  Eye,  vol.  lii.  p.  656. 
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advance  of  the  lens,  appears  to  be  present  in  many  cases.  Slackness 
of  the  zonular,  with  consequent  instability  of  the  lens,  is  probably  a 
contributory  cause.  Through  one  or  other  of  these  causes,  or  several 
in  combination,  the  ciliary  processes  are  pressed  against  the  iris,  and 
the  filtration  angle  is  narrowed  or  closed." 

Panas,  Jonnesco,  and  others  look  for  an  explanation  of  the  increased 
tension  in  glaucoma  to  some  disturbance  in  the  controlling  action  of 
the  nervous  system  on  the  intra-ocular  pressure.  As  already  stated, 
our  knowledge  of  this  controlling  action  is  at  present  incomplete. 

The  reduction  of  tension  in  glaucoma  which  Jonnesco  has  been  able 
to  effect  by  resection  of  the  superior  cervical  sympathetic  ganglion 
has  led  him  to  formulate  the  theory  that  glaucoma  is  due  to  peripheral 
or  central  irritation,  either  permanent  or  intermittent,  of  the  ocular 
sympathetic  fibres  which  pass  through  it.  The  effects  on  the  eye  of 
such  irritation  have  been  mentioned.  The  dilatation  of  the  pupil, 
which  is  thereby  produced,  might  alone,  in  an  eye  with  a  shallow 
anterior  chamber  and  predisposed  to  glaucoma,  be  sufficient  to  bring 
on  increase  of  tension,  just  as  atropine  mjdriasis  sometimes  does. 

The  influence  which  emotional  tlisturbances  sometimes  have  in  the 
production  of  glaucoma  may  possibly  in  tliis  way  find  an  explanation. 

Treatment  of  Primary  Glaucoma. 

Fifty  years  ago  glaucoma  was  an  incurable  disease.  Until  von 
Gnxefe  introduced  the  treatment  of  it  by  iridectomy  in  1856,  no  means 
which  would  afford  permanent  relief  was  known. 

In  1876  the  next  most  valuable  method  for  the  reduction  of  in- 
creased tension,  viz. :  the  use  of  myotics,  was  suggested  by  Laqueiir,  of 
Strasburg. 

These  two  chief  forms  of  treatment,  together  with  other  procedures 
for  the  reduction  of  tension,  will  now  be  individually  described,  and 
afterward  their  clinical  application. 

Iridectomy  or  Iridectomy  dialysis.  The  way  in  which  an  iridectomy 
relieves  tension  in  primary  glaucoma  has  been  the  source  of  much 
discussion.  The  pathological  examination  and  comparison  of  eyes  in 
which  it  has  proved  successful,  with  those  in  which  it  has  failed,  have 
thrown  much  light  on  this  matter.' 

Several  eyes  have  been  examined  in  which  an  iridectomy  suc- 
cessfully relieved  the  tension  in  glaucoma  and  subsequently  had  to 
be  removed  for  some  interciuTent  malady.  In  these  eyes  either  the 
obstructed  passage  for  the  exit  of  fluid  at  the  angle  of  the  anterior 
chamber  was  found  opened  up,  or  a  new  channel  of  exit  had  been 
established  by  the  formation  of  what  is  termed  a  cystoid  cicatrix. 
(Fig.  332.) 

The  opening  up  of  the  filtration  area  at  the  angle  of  the  anterior 
chamber  had  in  some  of  the  cases  been  effected  by  removal  of  the 


1  Royal  London  Ophthalmic  Hospital  Reports,  1891,  vol.  xiii.  p.  166. 
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Fig.  332. 


S"  ma  th.  angle  ot  rt.  .nt.rlor  ob.mM,  Ih.reby  op.».a  «P. 

Fig.  333. 


section  tnrough  a  c.^totci  c.catrtx  .Men Jo^e^^^^^ 

had  been  left,  it  became  dislodged  from  its  faulty  position  Evi- 
dently in  such  cases  sufficient  time  had  not  elapsed  for  it  to  become 
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adherent  to  the  cornea.  The  drag  on  the  iris,  escape  of  aqueous,  and 
consequent  rehef  of  pressure  in  the  vitreous  chamber,  together  'with 
the  local  escape  of  blood,  had  sufficed  to  restore  the  normal  channels 
for  the  circulation  of  fluid.    (Fig.  333.) 

When  a  cystoid  cicatrix  is  present,  a  fistula  is  established  in  the 
fibrous  tissue  at  the  sclerocorneal  margin,  through  which  fluid  may 
pass  from  the  anterior  chamber  into  the  subconjunctival  tissue  and  be 
absorbed  there  by  the  conjunctival  vessels.  The  tissue  around  the 
fistula  is  found  usually  in  a  boggy  condition. 

The  fistula  results  from  prolapse  of  a  fold  of  iris,  which  prevents 
the  two  sides  of  the  wound  in  the  fibrous  tissue  of  the  sclera  and 
cornea  from  uniting,  but  over  which  the  conjunctiva  heals.    At  first 


Fig.  334. 


Soclion  through  n  cystoid  cicatrix  which  formed  after  an  Iridectomy  for  chronic  glnucoma.  The 
tension  remained  normal  for  a  year ;  the  eye  was  then  excised  on  account  of  iritis  and  pain .  A  fistula 
in  the  sclerocorneal  tissue  is  sliown,  lined  partly  by  the  atrophied  root  of  the  iris,  and  partly  by  the 
ciliary  processes.   The  subconjunctival  tissue  around  the  fistula  is  swollen. 

the  iris  tissue  lining  such  tract  ofl"ers  an  impediment  to  the  passage 
of  fluid  out  of  the  e3^e ;  but  being  a  weak  spot  in  the  globe,  it  tends 
to  bulge,  and  the  iris  lining  it  atrophies,  until  ultimately  a  fistula  is 
established.    (Fig.  334.) 

A  cystoid  condition  of  a  cicatrix  after  iridectomy  appears  most 
often  at  the  angle  of  the  coloboma — i.  e.,  the  position  where  the  pro- 
lapse of  a  fold  of  iris  is  most  Hkely  to  occur. 

Although  the  production  of  such  a  condition  may  prove  beneficial 
in  relieving  tension,  it  is  one  which  is  attended  with  a  certain  amount 
of  1  •isk.  What  is  j^ractically  an  adhesion  between  the  conjunctiva 
and  iris  being  formed,  any  inflammation  of  the  former  readily  spreads 
to  the  latter,  and  is  liable  to  start  a  general  uveitis. 
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An  h-idectomv  fails  to  relieve  tension  in  primary  glaucoma  when 
the  noil  the  exit  of  fluid  from  the  eye  remam  unopened 

up,  and  no  new  channel  is  formed. 


Fig.  335. 


section  t.roug.  t.e  centre  of  t.e  colobo.a  in  an  eye  wit.  —  r^It'lt^^^^^^^ 
iridectomy  performed,  and  in  which  the  ^^^'^^^fJ^^Z.^^^e^^^^  iris.  The  angle  of  the 
t^^-^l^^^  iZ;r  r^t^f  theiris.  intimately  adherent  to  the 


cornea. 

Fig.  336. 


section  through  the  centre  of  the  coloho.a  in  ^^^^J^J^^^^ 

—  ^rnTth:Sr5htroVthe~^^^^  ^^.^ 

a  large  portion  of  the  penpnery  oi  lue  thoueh  the  root  of  the  iris  might  have 

not  an  iridectomydialysis. 

The  normal  passages  for  the  exit  of  fluid  at  the  angle  of  the  anterior 
chamber  are  unopened  up : 
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1.  When  the  root  of  the  iris  has  become  so  intimately  adherent  to 
the  back  of  the  cornea  that  on  being  drawn  upon,  instead  of  tearing 
at  its  extreme  root,  it  tears  through  at  the  point  where  it  ceases  to 
be  adherent,  and  the  portion  causing  obstruction  is  left  behind 
(Fig.  336.) 

2.  When  by  reason  of  the  way  in  which  the  iridectomy  has  been 
performed  a  portion  of  its  root  is  left  behind,  which,  though  not 
adherent  to  the  cornea,  has  failed  to  become  dislodged  from  its  faulty 
position.    (Fig.  337.) 

3.  When  by  reason  of  delayed  reformation  of  the  anterior  chamber 
the  lens  becomes  united  to  the  posterior  surface  of  the  wound  by 
plastic  exudation  thrown  out  from  the  latter.    Then,  when  the 


Section  through  the  centre  of  the  coloboma  in  an  eye  which  had  had  au  iridectomy  performed  for 
absolute  glaucoma.  An  adhesion  of  the  lens  capsule  to  the  posterior  surface  of  the  cornea  in  the 
region  of  the  cicatrix  is  shown.  The  lens  has  become  somewhat  displaced  backward  in  the  prepara- 
tion of  the  specimen.  The  angle  of  the  anterior  chamber  is  closed  by  the  anterior  of  the  ciliary 
processes,  which  have  been  pressed  forward  by  the  adherent  lens. 

anterior  chamber  does  reform,  the  lens  becomes  drawn  forward,  its 
adherent  piargin  pressing  the  anterior  of  the  ciliary  processes  into 
contact  with  the  filtration  area  in  the  region  of  the  coloboma. 

In  the  absence  of  prolapse  of  a  fold  of  n-is,  no  fistula  and  no  new 
channel  of  exit  for  fluid  are  produced.  From  the  foregoing,  it  is  ob- 
viously desirable  in  performing  an  iridectomy  for  glaucoma  to  try 
to  remove  the  extreme  periphery  of  the  iris  up  to  its  point  of  junction 
with  the  ciliary  body.  Fortunately  it  is  at  this  spot  that  the  iris  is 
thinnest,  and  it  is  here  that  it  is  most  likely  to  tear  through  when 
di  ■awn  upon,  unless  abnormally  adherent. 

In  performing  an  iridectomy  for  glaucoma,  after  an  incision  of  the 
sclerocorneal  margin  has  been  made,  the  iris  should  be  drawn  out 
and  snipped  through  from  its  pupillary  to  its  ciliary  margin  at  one 


Fig  337. 


GLA  UCOMA. 


561 


ancrle  of  the  wound.  It  should  then  be  drawn  along  the  whole  length 
of  the  wound,  so  as  to  tear  it  away,  and,  finally,  cut  through  agani  at 
its  further  extremity.  This  method  of  performmg  an  iridectomy  is 
very  different  from  that  adopted  preliminary  to  the  removal  of  a 
cataract  or  to  form  an  artificial  pupil.  For  these  purposes  a  piece 
of  iris  is  simply  drawn  out  of  the  wound  and  snipped  off. 

To  distinguish  the  two  methods  of  performing  the  operation,  the 
one  from  the  other,  it  is  well  to  term  the  first  an  iridectomydialysis, 
and  the  latter  simple  iridectomy. 

Anterior  Sclerotomy.  Anterior  sclerotomy  of  de  Wecker  is  per- 
formed by  entering  a  Graefe  knife  1  mm.  external  to  the  corneal 
maro-in  carrying  it  across  the  anterior  chamber,  and  bringing  it  out 
equidistant  on  the  opposite  side.  The  points  of  entrance  and  exit 
are  planned  as  if  a  flap  2\  mm.  high  were  about  to  be  cut.  After  the 


Fig.  338. 


Section  through  the  angle  of  the  anterior  chamber  of  an  eye  with  absolute  glaucoma,  upon  which 
an  experimental  anterior  sclerotomy  was  performed,  2  mm.  distant  from  the  sclerocorneal  margin, 
immediately  after  enucleation.  It  shows  that  the  periphery  of  the  iris  had  been  divided  in  two 
places,  the  knife  having  passed  through  the  adherent  root  of  iris  into  the  posterior  chamber. 

knife  is  inserted,  it  is  drawn  backward  and  forward  with  a  sawing 
motion,  but  is  taken  out  before  a  flap  has  been  completely  cut.  _  A 
bridge  of  tissue  is  left  between  the  two  cuts,  composed  of  conjunctiva 
and  part  of  the  sclerotic.  Prolapse  of  iris  very  frequently  follows 
the  operation,  and  it  is  recommended  that  any  tendency  to  it  should 
be  counteracted  by  the  use  of  eserine  before  and  after  the  operation. 

The  operation  is  designed  to  form  a  cicatrix  at  the  sclerocorneal 
margin,  without  the  removal  of  any  iris.  Its  value  in  producing  a 
permanent  relief  of  tension  in  primary  glaucoma  has  proved  to  be 
far  inferior  to  iridectomy,  and  the  results  obtained  by  it  are  very 
uncertain. 

Experimentally  and  pathologically  it  has  been  shown  that  a  mere 
band  of  cicatricial  tissue  at  the  sclerocorneal  margin  does  not  allow 
of  filtration  of  fluid  through  it. 

3G 
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When  prolapse  of  a  fold  of  iris  follows  a  sclerotomy,  a  fistula  and 
cystoid  condition  of  the  cicatrix  may  be  formed,  as  after  iridectomy. 
In  this  way  an  artificial  channel  for  exit  of  fluid  will  be  formed  ami 
the  tension  relieved. 

In  an  eye  which  had  been  enucleated  for  absolute  glaucoma  this 
operation  was  performed  immediately  afterward.  Sections  subse- 
quently made  through  the  seat  of  operation  showed  that  at  the  points 
of  puncture  and  counter-punctme  the  root  of  the  u-is  had  been  divided 
in  two  places.  (Fig.  338.)  The  knife  had  passed  from  the  sclerotic 
through  the  iris  just  where  it  ceased  to  be  adherent  to  the  cornea  into 
the  posterior  chamber,  and  then  through  the  iris  again  into  the  ante- 
rior chamber.  By  cutting  across  the  adherent  root  of  the  iris  in  this 
way  the  operation  may  possibly  open  up  a  passage  for  fluid  from 
the  posterior  chamber  into  the  spaces  of  Fontana. 

An  operation  termed  iridosclerotomy  or  scleroiritomy,  in  which 
the  adherent  root  of  the  iris  is  intentionally  cut  through,  has  been 
practised  by  Knies  and  Nicati. 

Scleral  Puncture  of  Posterior  Sclerotomy.  Posterior  sclerotomy 
is  not  an  operation  from  which  alone  permanent  rehef  of  tension 


Fig.  339. 


Section  of  an  eye  upon  which  a  posterior  sclerotomy  was  perlbrined  for  glaucoma,  and  which  sub- 
sequently became  much  inflamed.  The  gap  in  the  coats  of  the  eye  is  shown,  with  a  tag  of  vitreous 
humor,  much  infiltrated,  with  round  cells  prolapsing  through  it.  The  prolapsed  vitreous  evidently 
formed  the  track  along  which  infection  gained  entrance  to  the  eye. 

may  be  expected.  It  may,  however,  in  certain  cases,  be  advanta- 
geously employed  to  produce  a  temporary  effect,  or  as  a  preliminary 
procedure  to  iridectomy. 

The  puncture  is  made  with  a  Graefe  knife,  which  is  inserted  in 
such  a  way  as  to  make  an  opening  meridianal  to  the  corneal  margin ; 
for  in  such  a  wound  there  is  less  tendency  to  gape  than  in  one  made 
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parallel  to  its  margin,  and  the  choroidal  vessels  and  ^^^ves  wh^^^^^ 
nm  for  the  most  part  antero-posteriorly,  are  less  likely  to  be  div  ded. 
\  spot  is  chosen  for  the  operation  on  the  surface  of  the  globe, 
behind  the  ciliary  body  and  between  the  recti  muscles,  usually  up 
and  out,  6  mm.  or  more  posterior  to  the  corneal  margin  lietore 
inserting  the  knife  the  conjunctiva  is  drawn  with  fixation  forceps  a 
little  to  one  side,  so  that  on  conclusion  of  the  operation  the  opemng 
in  it  and  in  the  walls  of  the  globe  shall  not  coincide  m  position,  in 
withdrawing  the  knife  it  is  given  a  half-turn,  which  makes  the  wound 
gape  and  allows  of  escape  of  the  fluid. 

The  hemorrhage  which  results,  both  intra-ocular  and  extra-ocular, 
is  usually  insignificant  in  amount.  A  prolapsed  portion  of  the  vitreous 
hmnor  (Fig  339)  in  the  wound  has  been  known  to  form  the  tracK 
along  which  septic  infection  gained  entrance  into  the  eye.  ihe 
escape  of  fluid  from  the  vitreous,  the  immediate  result  of  the  operation, 
allows  of  diminution  of  pressure  in  the  vitreous  chamber  and  the 
recession  of  the  lens  and  iris,  with  increase  in  the  depth  of  the  anterior 
chamber.  For  a  short  while  after  the  operation  flmd  may  continue 
to  ooze  from  the  wound.  Soon,  however,  it  commences  to  hea  , 
further  drainage  is  arrested,  and  the  tension  again  becomes  increased. 

In  posterior  sclerotomies  performed  experimentally  on  rabbits 
the  wound  was  found  to  be  closed  and  any  outflow  of  flmd  checked 
on  the  eighth  day  (Tobler').  .      ,      i      •  +u 

Paracentesis.  Paracentesis  of  the  anterior  chamber  is  another 
operative  measure  which  affords  a  temporary  relief  of  tension,  and 
which  may  sometimes  be  employed  in  cases  of  emergency.  As  soon 
as  sufficient  time  has  elapsed  for  a  fresh  secretion  of  the  intra-ocular 
fluid  to  accumulate,  the  tension  becomes  re-estabhshed.  The  amount 
of  relief  is  greatest,  and  lasts  longest,  when  the  anterior  chamber  is 
deep  and  a  large  amount  of  fluid  can  be  evacuated,  as  m  cases  of 
glaucoma  secondary  to  serous  iridocyclitis. 

Removal  of  the  Superior  Cervical  Ganglion  of  the  Sympathetic. 
Removal  of  the  superior  cervical  ganglion  of  the  sympathetic  has 
been  shown  by  Jonnesco,  of  Bucharest,  to  be  an  operation  capable  of 
reducing  the  tension  in  glaucoma.  The  results  of  the  operation 
in  eight  cases  he  summarized  as  follows : 

1.  Immediate  and  lasting  reduction  of  tension. 

2.  Marked  and  permanent  contraction  of  the  pupil,  even  m  the 
cases  in  which  iridectomy  had  been  previously  performed. 

3.  Absence  of  frontal  headache. 

4.  Disappearance  of  the  attacks  of  irritative  glaucoma. 

5.  Considerable  permanent  improvement  in  vision  in  all  cases  m 
which  complete  atrophy  of  the  nerve  had  not  set  in. 

In  other  surgeons'  hands,  though  the  operation  has  sometimes 
been  attended  with  success,  disastrous  results  have  also  occurred. 
Some  patients  have  died  as  the  result  of  the  operation.    In  others 


'  Archives  of  Ophthalmology,  March,  1901. 


564 


THE  EYE. 


there  have  been  marked  flushmg  of  the  side  of  the  head  and  face  and 
severe  pain  after  tlie  operation.  The  increased  tension,  although  for 
a  tune  reduced,  has  returned  in  some  cases.  Symptoms  of  tachy- 
cardia and  exophthalmos  have  also  developed.^ 

The  ganglion  can  be  reached  either  by  an  incision  made  along  the 
anterior  or  the  posterior  border  of  the  sternomastoid  muscle.  The 
former  is  the  simpler  and  causes  less  injury.  Jonnesco  recommends 
that  the  carotid  sheath  be  opened,  the  vein  separated  from  the 
artery,  and  the  ganglion  found  beliind  it.  Burghard  says  he  has 
found  it  much  simpler  to  expose  the  outer  edge  of  the  carotid  sheath, 
and  then,  with  a  blunt  hook,  to  pull  the  sheath  and  its  contents 
inward  toward  the  median  hne,  when  the  ganghon  is  at  once  exposed; 
It  is  then  drawn  forward  with  forceps  and  cut  out  with  scissors. 

Myotics.  Neither  myotics  nor  mydriatics  dropped  into  a  normal 
eye  produce  any  alteration  in  the  tension  which  is  appreciable  by  the 
finger  test.  Atropine  dropped  into  an  eye  with  a  shallow  chauiber 
and  predisposed  to  glaucoma,  as  already  stated,  may  bring  on 
increased  tension.  Eserine  in  many  cases  of  primary  glaucoma  will 
reduce  the  tension  to  normal. 

These  drugs  influence  tension  appreciably  only  when  the  anterior 
chamber  is  shallow,  where  an  increased  or  diminished  thickness  of 
the  iris  is  cai)able  of  causing  apposition,  or  withdrawal  of  apposition, 
of  its  root  with  the  back  of  the  cornea. 

In  acute  cases  of  glaucoma,  where  the  sphincter  muscle  of  the  iris, 
from  pressure  on  the  ciliary  nerves,  is  paralyzed,  myotics  fail  to 
cause  contraction,  and,  consequently,  are  unable  to  relieve  ten- 
sion. In  glaucoma  of  long  standing,  where  the  root  of  the  iris  has 
become  absolutely  adherent  to  the  back  of  the  cornea  and  does  not 
simply  lie  in  apposition  with  it,  myotics  are  unable  to  separate  the 
adhesion,  and  in  these  cases  fail  also  to  reduce  the  abnormal  tension. 

Eserine,  besides  contracting  the  pupil,  tends,  especially  in  some 
people,  to  cause  a  certain  amount  of  hypera^mia  and  irritation  or  pain. 
It  should,  therefore,  not  be  used  stronger  or  more  often  than  is  abso- 
lutely required  to  produce  the  desired  effect  on  the  pupil  and  tension. 
Solutions  of  0.125  per  cent,  or  0.25  per  cent,  of  the  sulphate  are 
most  frequently  employed.  One  or  two  applications  of  a  1  per  cent, 
solution  will  sometimes,  however,  reduce  tension  when  the  weaker 
ones  have  failed. 

When  the  use  of  eserine  has  to  be  persisted  in  for  some  time,  it 
is  well  to  combine  with  it  cocaine.  Cocaine  has  the  opposite  effect  to 
eserine :  it  dilates  the  pupil,  diminishes  the  sensibility  of  the  eye,  and 
contracts  the  bloodvessels.  If  a  solution  be  employed  containing 
0.25  per  cent,  of  sulphate  of  eserine  and  1  per  cent,  of  hj^drochloride 
of  cocaine,  the  myotic  effect  of  the  eserine  will  predominate,  but  its 
irritating  and  hypera^mic  effects  will  be  reduced. 

Pilocarpine  is  a  feebler  myotic  than  eserine,  but  causes  less  irritation. 
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It  may  be  used  in  the  form  of  the  nitrate  in  solutions  of  0.5  or  0.75 

^'"^Morplune  administered  hypodermically,  by  reason  of  the  myotic 
effect  it  produces  and  its  sedative  action,  often  proves  a  valuable 
additional  aid  to  other  measures  in  the  reduction  oi  increased  tension. 

Clinical  Application  of  Treatment  in  Glaucoma.  In  cases  of  acute 
glaucoma  iridectomy  should  be  performed  at  the  earliest  possible 
moment;  a  few  hours'  delay  may  make  considerable  difference  m  the 
amount  of  sight  which  will  be  regamed. 

Eserine  should  be  dropped  into  the  eye  two  or  three  times  while 
the  patient  is  being  prepared  for  operation,  so  as  to  obtain  as  much 
contraction  of  the  pupil  as  possible.  It  greatly  facilitates  the  grasping 
of  the  u-is  with  forceps  and  the  withdrawal  of  a  portion  from  the 
eve  The  congestion  of  the  eye  and  the  increased  tension  prevent 
cocaine  producing  any  marked  anesthetic  effect,^  so  that  a  general 
anaesthetic  has  to  be  administered.  Chloroform  is  much  to  be  pre- 
ferred, at  any  rate  while  the  operation  is  being  performed,  as  with 
it  there  are  less  venous  congestion  and  less  heaving  respiratory  move- 
ments than  with  ether.  . 

In  the  performance  of  any  intra-ocular  operation,  either  for  acute 
or  chronic  glaucoma,  an  endeavor  should  be  made  to  ower  the  m- 
creased  tension  as  gradually  as  possible,  so  as  to  avoid  any  sudden 
rush  of  blood  into  the  intra-ocular  bloodvessels,  causing  their  rupture 
and  hemorrhage.  In  making  an  incision  into  the  anterior  chamber 
the  aciueous  should  be  allowed  to  drain  away,  and  not  to  escape  with 

^  After  an  u-idectomy  a  compress  should  be  applied  and  a  bandage 
firmly  adjusted.  The  patient  should  be  put  to  bed  and  kept  there 
until  the  anterior  chamber  has  well  reformed.  Care  should  be  taken 
to  prevent  the  patient  rubbing  or  touching  the  eye  when  half  asleep, 
by  tethering  the  hand  on  the  side  operated  on  to  the  foot  ot  tne 
bed  so  that  it  cannot  be  moved  beyond  a  certain  safe  distance 
from  the  eye.  To  prevent  the  shock  of  the  operation  excitmg  an 
acute  attack  of  glaucoma  in  the  fellow  eye,  eserine  drops  should  be 
apphed  to  the  latter  immediately  after  the  operation,  and  twice  a 
day  for  the  succeeding  week.  .      •        r  i 

The  prognosis  in  acute  glaucoma,  if  the  operation  is  performed 
sufficiently  early,  is  good.  If  it  has  been  delayed  for  some  days 
although  the  operation  may  relieve  tension,  the  lost  vision  will  not 
be  restored.  In  the  most  acute  cases  vision  may  be  reduced  to  no 
perception  of  light  for  a  few  hours,  and  then  restored  to  almost  its 
normal  acuity.  If,  however,  there  has  been  no  perception  of  hght 
for  two  or  three  days,  the  chances  of  restoration  of  vision  are  very 

In  subacute  cases  of  glaucoma  a  greater  reduction  of  tension  can 
be  effected  by  eserine  than  in  the  acute  cases— sometimes  a  complete 
reduction.  Though  by  the  effective  use  of  eserine  in  such  cases  the 
immediate  urgency  for  iridectomy  is  not  so  great,  still  there  can  be 
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little  doubt  that  the  sooner  it  is  performed  the  better  chance  there 
is  of  its  proving  successful. 

In  both  acute  and  subacute  cases  of  glaucoma,  should  the  lens  and 
u-is  be  much  pressed  forward  and  the  anterior  chamber  very  shallow 
it  may  be  advisable  to  perform  a  preliminary  scleral  puncture,  and' 
by  escape  of  fluid  from  the  vitreous  chamber,  allow  of  some  recession 
of  the  lens.  A  knife  can  then  be  passed  more  readily  into  the  ante- 
rior chamber  and  the  risk  avoided  of  splitting  the  layers  of  the 
cornea  instead. 

The  recession  of  the  lens  also  has  the  advantage  of  facilitating 
early  reformation  of  the  anterior  chamber,  and  so  preventing  adhe- 
sion between  the  lens  and  cornea,  wliich  adhesion  has  been  shown  to 
be  one  cause  why  iridectomy  may  fail  to  relieve  tension.  A  scleral 
puncture  preliminary  to  iridectomy  is  strongly  recommended  by 
Priestley  Smith,  who  has  practised  it  extensively. 

In  chronic  cases  of  glaucoma  experience  has  shown  that  iridectomy 
is  not  nearly  such  a  reliable  measure  for  the  relief  of  tension  as  in 
the  more  acute  cases.  It  produces  much  the  best  results  in  the  cure 
of  the  glaucomatous  condition,  if  performed  early  in  the  disease. 

Many  surgeons,  however,  hesitate  to  operate  on  patients  with  chronic 
glaucoma  when  the  symptoms  are  very  slight,  when  the  central  vision 
is  normal,  and  when  there  is  only  shght  contraction  of  the  field  of 
vision.  Yet  it  is  in  just  such  cases  that  the  iridectomy  is  calculated 
best  to  arrest  the  disease.  A  very  distinct  objection  to  performing 
iridectomy  in  these  cases  is  that  the  operation  nearly  always  produces 
a  certain  amount  of  corneal  astigmatism,  so  that  the  patient  finds 
that  the  immediate  effect  of  the  operation  has  been  to  reduce  his 
acuity  of  vision  uncorrected  by  glasses,  although  it  may  be  just  the 
same  as  before  with  glasses. 

The  alternative  treatment  to  iridectomy  in  cases  of  chronic  glau- 
coma is  the  continued  use  of  myotics;  either  eserine  or  pilocarpine. 

Many  cases  of  chronic  glaucoma  may  by  steady  perseverance  in 
this  treatment  be  kept  in  arrest  for  an  unlimited  time.  Some,  in 
spite  of  it,  go  on  steadily  losing  sight.  Others,  again,  notwithstanding 
the  myotic,  as  the  result  of  some  exceptional  exciting  or  emotional 
circumstance,  suffer  an  acute  exacerbation  of  symptoms,  when  the 
surgeon  is  forced  to  operate. 

The  choice  of  treatment  in  chronic  glaucoma,  in  any  individual  case, 
is  a  matter  calling  for  considerable  judgment  and  experience,  it  being 
necessary  to  take  into  consideration  the  patient's  circumstances,  age, 
expectancy  of  hfe,  general  health,  and  other  matters. 

Cases  of  absolute  glaucoma  are  met  with  in  which  operative  treat- 
ment of  some  form  becomes  necessary  for  the  relief  of  pain.  If  the 
patient  is  old  and  feeble,  or  if  the  eye  has  in  any  way  become  unsightly 
from  staphylomatous  or  other  changes,  it  had  best  be  excised.  Under 
other  circumstances  the  effect  of  an  iridectom)'-  may  first  be  tried. 
In  such  eyes  iridectomy  frequently  fails  to  produce  permanent  relief 
of  tension  and  the  pain  I'ecurs.    In  some  of  them  severe  intra-ocular 
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DISTURB A^^CES  OF  VISION  WITHOUT  APPARENT 

LESION. 

By  ELMER  G.  STARR,  M.D. 

The  conditions  described  under  the  heading  of  this  chapter  are 
properly  embraced  by  the  terms  amaurosis  (loss  of  sight)  and  amblyo- 
pia (defective  or  dull  sight),  terms  which  are  used  to  mdicate  all  cases 
of  defective  vision  which  do  not  result  from  visible  disease  of  the  eye 
structures,  and  which  cannot  be  remedied  by  the  correction  of  an 
existing  error  in  refraction.  The  diagnosis  of  this  condition  is  often 
very  difficult,  as  it  must  be  based  chiefly  upon  the  evidence  of  sub- 
jective symptoms. 

The  color  sense  may  be  lost  or  lessened,  the  field  of  vision  limited, 
and  scotomata  found.  In  this  class  of  diseases  may  be  included  the 
following-named  conditions:  color  amblyopia,  amblyopia  exanopsia, 
congenital,  hysterical,  and  simulated,  uneniic,  glycosuric,  malarial, 
from  hemorrhage,  from  lightning  flash,  reflex,  scintillating  scotoma, 
nyctalopia,  hemeralopia,  erythropsia,  snow  blindness,  micropsia, 
megalopsia,  and  metamorphopsia. 

It  is  probable  that  future  increase  hi  our  knowledge  will  remove 
from  the  category  of  amblyopia  some  of  the  conditions  enumerated 
above  by  disclosing  their  real  nature. 

In  all  amblyopic  conditions  careful  ophthalmoscopic  examination 
should  be  made,  as  many  cases  of  supposed  amblyopia  will,  by  careful 
and  thorough  examination,  be  found  to  depend  in  reality  upon  some 
disease  of  the  retina  or  choroid  in  its  extreme  peripheral  regions, 
parts  of  the  eye  which  are  difhcult  to  see,  and  which  frequently  escape 
scrutiny  in  the  routine  ophthalmoscopic  examination. 

Another  objective  point  in  the  examination  is  the  macular  region. 
This  should  be  closely  inspected  by  the  direct  method,  as  not  infre- 
quently in  low  degrees  of  amblyopia  slight  changes  are  found  in  the 
region  of  the  macula,  such  as  a  granular  or  stippled  appearance,  or 
the  presence  of  minute  white,  gray,  or  yellowish  points — conditions 
which  in  some  cases  undoubtedly  have  their  origin  in  long  existing 
refractive  error  (eyestrain),  while  in  others  the  exciting  cause  seems 
to  be  a  renal  or  intestinal  toxaemia. 

Color  Blindness.    Perhaps  the  most  wonderful  of  all  our  senses 
is  that  of  adaptation  or  refinement  of  the  sense  of  sight,  the  perception 
of  color.    Pure  hues  of  red,  yellow,  and  blue  appear  to  the  eye  so 
positively  unlike  and  contrasted  that  it  is  remarkable  that  they  ore 
(  568  ) 
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caused  by  waves  of  ether,  differing  only  in  length  and  rate  of  vibra- 
tion, and  that  there  is  a  graduated  series  of  waves  from  one  coloi 
to  another,  Imking  them  together  and  merging  the  colors  of  the  spec- 
trum one  into  another. 

When  the  sense  of  sight  was  first  developed,  it  is  probable  that 
nothing  more  than  light  and  darkness  was  perceived.    As  the  yisua 
organs  became  more  developed,  more  delicate  changes  m  light  and 
shadow  would  be  seen,  but  color,  except  in  so  far  as  it  modihed  the 
amomit  of  light  reaching  the  eye,  would  not  be  visible.    A  high  state 
of  development  of  the  eye  as  an  organ  of  vision  is  compatible  with 
the  absence  of  all  color  sense,  and  may  have  existed  long  before  the 
sense  of  color  began  to  develop.    The  time  at  which  the  color  sense 
appeared  is  miknown-by  some  it  is  believed  to  havejiad  its  origin, 
or  at  least  to  have  developed  within  historic  times.    There  are  acts 
however  which  indicate  that  this  sense  existed  in  a  highly  developed 
condition  in  prehistoric  man.    Birds  and  many  animals  undoubtedly 
distinguish  colors.     Even  in  so  low  an  order  of  animals  as  fishes  a 
sense  of  color  seems  to  exist,  as  is  evidenced  by  their  protective 
coloring.    It  is  quite  possible,  of  course,  that  the  color  sense  of  the 
lower  animals  may  not  be  identical  with  that  in  man,  but  a  fact 
which  points  to  the  early  development  of  this  sense  is  that  babies 
have  a  well-developed  sense  of  color,  which  would  hardly  be  the  case 
were  this  a  recent  acquirement  of  the  human  race. 

Color  has  no  objective  existence,  but  is  an  internal  sensation,  and 
may  be  caused  by  pressure  on  the  eyeball  or  any  means  which  stimu- 
lates or  excites  the  retina  of  the  eye.  In  the  present  chapter  it  is 
considered  as  due  to  the  action  of  light  waves. 

Objectively,  then,  color  corresponds  to  light  waves  or  ether  undu- 
lations of  certain  length  and  rate  of  vibration,  at   least  this  will 
apply  to  such  colors  as  have  a  known  vibration  for  their  cause,    i  here 
are  colors,  however,  which  have  no  objective  definite  ether  waves  for 
their  production,  and  which  serve  to  illustrate  still  further  the  tact 
that  color  is  purely  a  physiological  sensation.    Such  colors  are  purple 
which  does  not  occur  in  the  spectrum,  and  has  no  definite  wave  length 
for  its  production;  and  white,  if  this  may  be  called  a  color.  By 
experiment  it  has  been  determined  that  the  sensation  of  red  is  caused 
bv  the  longest  visible  wave  and  slowest  rate  of  vibration,  while  the 
shortest  wave  and  the  most  rapid  vibration  give  the  sensation  of 
violet    Red,  then,  gives  us  one  end  of  the  visible  spectrum,  and 
violet  the  other  end.    Between  these  limits  there  is  a  graduated 
series  of  wave  lengths,  all  of  which  affect  our  visual  apparatus  and 
give  us  the  various  colors  of  the  spectrum.    The  spectral  colors  pass 
from  one  into  another  by  such  slight  gradations  that,  when  examined 
in  a  long  spectrum,  no  sudden  change  from  one  color  to  another  is 
found  to  occur,  but  one  merges  so  gradually  into  another  that  it 
is  difficult  to  say  just  where  one  color  ends  and  another  begins,  so 
that  the  spectrum  is  found  to  be  made  up  of  an  infinite  number  of 
gradations  of  colors.    If,  however,  the  spectrum  is  made  shorter,  so 
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that  the  colors  are  more  condensed,  as  it  were,  it  appears  as  if  made 
up  of  only  three  or  four  colors — red,  green,  blue,  and  violet,  and  the 
transition  from  one  color  to  another  is  more  abrupt. 

There  are  several  theories  to  explain  the  manner  in  which  the 
different  colors  affect  the  eye.  Without  entering  into  a  discussion 
of  the  subject  here,  it  may  be  stated  that  in  general  these  theories 
suppose  the  eye  to  be  provided  with  sets  of  sensitive  elements  which 
are  affected  either  directly  or  secondarily  by  some  three  or  more  of 
the  spectral  colors.  For,  while  the  decomposition  of  white  light  by 
means  of  a  prism  gives  seven  prismatic  or  spectral  colors,  it  is  found 
that  all  these  colors,  as  well  as  white,  may  be  obtained  by  combining 
three  colors,  such  as  red,  blue,  and  green. 

In  the  Yomig-Helmholtz  theory  the  retina  is  supposed  to  be  pro- 
vided with  three  sets  of  elements,  one  set  of  which  responds  most 
strongly  to  red  rays,  another  to  green,  and  a  third  is  most  affected 
by  blue  light.  All  the  elements  are,  however,  affected  to  some  extent 
by  each  of  the  three  colors  mentioned.  Thus,  red  light  exerts  its 
greatest  action  upon  the  red-sensitive  elements,  although  it  affects 
the  green  also,  and  to  a  lesser  degree  the  blue-percipient  elements. 
Similarly  with  green  and  blue,  all  the  elements  are  affected, 
but  in  varying  degrees.  The  simultaneous  action  of  red,  blue, 
and  green  gives  the  color  or  effect  of  white  light. 

The  effect  of  color  waves  upon  the  percipient  elements  is  sup- 
posed to  be  due,  not  to  the  action  of  light  waves  directly,  but 
to  the  decomposition  which  they  cause  of  a  photo-chemical 
substance  with  which  the  sensitive  retinal  elements  are  sup- 
plied. That  is,  the  red-sensitive  retinal  elements  are  affected 
by  the  decomposition  of  a  photo-chemical  substance  which  is 
most  sensitive  to  the  red  rays  of  the  spectrum.  Similarly  the 
green-sensitive  and  blue-sensitive  elements  are  affected  by  green 
and  blue  light  waves. 

Impaired  color  sense,  or  color  blindness,  exists  in  3  or  4  per  cent,  of 
males,  and  is  less  common  in  females.  Color  blindness  may  be  total 
or  partial.  Totally  color-blind  individuals  see  the  spectrum  in  differ- 
ent shades  of  gray,  and  all  objects  appear  to  them  much  as  they  do 
to  normal  eyes  in  stereoscopic  photographs.  To  the  partially  color 
blind  the  spectrum  appears  in  two  colors  only,  with  a  gray  or  neutral 
band  m  it.  The  most  common  forms  of  color  blindness  are  red-  and 
green-blindness.  These  are  sometimes  classed  under  one  head,  viz. : 
"red-green"  blindness,  from  the  fact  that  the  red-blind  do  not  see 
green  correctly,  and  the  green-blind  do  not  see  red  correctly — in  fact, 
are  blind  to  both  colors.  There  are  two  classes  of  "red-green "  blind- 
ness, and  there  is  a  clinical  difference  between  them.  In  one  class  the 
spectrum  is  shortened  at  one  end  (the  red),  while  in  the  other  the 
spectrimi  is  not  shortened,  but  has  a  neutral  zone  in  it.  Those  having 
this  defect  see  some  colors  correctly,  other  colors  incorrectly,  and  the 
rest,  those  to  which  they  are  "blind,"  not  as  colors  at  all,  but  as  neutral 
grays.    Bearing  this  in  mind,  the  following  schedule  from  Le  Conte 
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will  help  make  intelligible  what  the  color  blind  see,  what  mistakes 
tiiey  ailxpt  to  n.ake  in  matching  colors,  and  the  means  adopted  m 
detecting  this  defect: 

Puke  Coloes. 

I.  See  Correctly. 

a.  White  and  black  and  all  intermediate  shades,  or  grays. 
6.  Yellow  and  all  shades  of  the  same— i.  e.,  brown. 
c.  Blue  and  aU  shades  of  the  same  or  slate  blues. 

II    Do  not  see  at  all  as  colors. 

a.  Reds  are  seen  as  diflferent  shades  of  gray. 

b.  Greens  are  seen  as  dififerent  shades  of  gray. 

Mixed  Coloes. 

'^^^'"Tsllet.  Which  isamlxture  Of  red  and  yellow  light,  is  seen  as  gray  and  yellow. 

which  equals  dark  brown. 
b  Orange  =  red  +  yellow,  are  seen  as  gray  +  yellow  =  hghter  brown. 
■  Purple = red  +  blue,  are  seen  as  gray  +  blue  =  slate  blue. 
d  Yellowish  green  =  yellow  +  green,  are  seen  a.s  yellow  +  gray  =  brown. 
e.  Bluish  green  =  blue  + green,  are  seen  as  blue  +  gray  =  slate  blue. 

To  be  clinically  accurate,  this  table  should  be  modified  m  some 
.vays,  na  much  as  it  does  not  distinguish  two  classes  of  red-green 
1  Mness-one  with  and  one  without  shortened  spectrum.  The 
table  serves  its  purpose,  however,  as  an  aid  in  elucidatmg  the  subject^ 
From  this  it  will  be  observed  that  the  red-green  blind  are  very  liable 
to  confuse  or  mistake  all  mixed  colors,  as  well  as  reds  and  greens  with 

either  browns  or  gray  blues.  TVip«p 
Blue  blindness  is  rare  and  of  little  i^PO^ance  clinically  These 
three  types  comprise  practically  all  cases  of  color  blmdness,  although 
there  are  many  deviations  from  the  general  types.  , 

One  curious  result  of  color  blindness  is  that  persons  having  this 
defect  are  able  to  discriminate  between  certam  hues  which  to  the 
onnal  eye  appear  identical:  e.  g.,  two  complex  so  utions  may  have 
the  same  color  to  the  normal  eye,  but  to  the  color-b  md  eye  some  one 
or  more  of  the  chromatic  constituents  of  the  solutions  may  not  be 
perceived,  and  in  consequence  the  two  solutions  appear  to  differ  m 

"""coior  blindness  is  usually  a  congenital  defect,  but  it  may  be  an 
acquired  condition,  depending  on  some  disease  process  involving 
the  retina,  optic  nerve,  or  visual  centres,  such  as  atrophy  of  the  optic 
nerve,  tobacco  amblyopia,  and  cerebral  injuries  or  disease.  In  the 
acnuired  form  the  color  blindness  may  be  limited  to  a  part  oi  the 
visual  field,  either  peripheral  or  central.  Another  difference  between 
the  congenital  and  the  acquired  forms  of  this  defect  is  that  in  acquired 
color  blindness  the  acuteness  of  vision  usually  is  lowered,  while  in  the 
•  congenital  form  this  is  not  the  case. 

Test  for  Color  Blindness.  Of  all  tests-and  there  are  more  than 
forty  different  ones-the  wool  test  of  Holmgren  is  probably  the  one 
most  frequently  used.  The  set  of  wools  consists  of  a  se  ection  of 
worsted  yarns  dyed  with  various  colors.    The  skeins  of  test-colors 
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are  three  in  number,  viz.  .  green,  rose  pink  or  purple,  and  red.  Of 
the  remaining  skeins,  some  have  the  same  color  as  the  test-skeins, 
while  others  are  dyed  with  mixed  or  "confusion"  colors.  A  colored 
plate  accompanies  the  set,  and  is  used  as  an  aid  in  deciding  the  char- 
acter of  the  color  blindness,  and  is  not  to  be  used  in  any  way  as  a  test- 
object. 

The  test  is  made  in  good  light— daylight,  if  possible— and  the  eyes 
are  tested  separately. 

The  wools  are  placed  in  a  heap  on  a  white  or  black  cloth  covering 
a  table,  and  the  test-skein  of  green  is  placed  at  one  side,  separated 
from  the  pile,  and  the  person  under  examination  is  requested  to  select 
from  the  pile  all  other  skeins  resembling  the  test-skein  in  color,  but 
not  to  attempt  to  match  it  in  every  respect,  as  no  two  skeins  in  the 
pile  are  exactly  aUke;  all  shades  of  the  same  color  are  to  be  selected. 
If  in  the  test  the  person  examined  selects  some  of  the  confusion  colors, 
such  as  light  brown  or  gray,  as  well  as  different  shades  of  green,  then 
he  is  shown  to  be  color  blind,  and  if  the  existence  of  color  blindness 
alone  is  to  be  determined  no  further  test  is  required ;  but  if  the  kind  of 
color  blindness  is  to  be  determined,  examinations  with  other  test- 
skeins  should  be  made.  The  second  examination  with  the  purple  test- 
skein  will  show  that  "red-blindness"  exists  if  the  colors  which  are 
selected  to  match  the  purple  include  shades  of  blue  or  violet;  while 
if  green  or  gray  is  selected  the  subject  is  "gi-een-blind." 

Dr.  William  Thomson  litis  devised  a  very  convenient  modification 
of  the  Holmgren  wools,  which  consists  of  a  stick  with  yarns  attached, 
as  shown  in  Plate  XIX.  As  in  Holmgren's  method,  the  test-skeins 
are  green,  purple,  and  red.  The  test-skeins  are  to  be  matched  in  turn 
from  the  colors  on  the  stick,  which  are  arranged  in  alternate  match 
and  confusion  colors,  and  which  are  numbered  from  one  to  twenty. 
Ten  tints  are  to  be  selected. 

The  odd  numbers  being  the  match  colors  and  the  even  numbers 
the  confusion  colors,  it  is  evident  that  the  selection  made  by  the  color- 
blind eye  will  include  some  of  the  even  numbers,  while  the  eye  free 
from  this  defect  will  select  only  odd  numbers. 

Dr.  Thomson  has  further  improved  his  test  by  discarding  the  color- 
stick  and  increasing  the  number  of  the  color-skeins  to  forty,  each  of 
which  has  a  bangle  attached  bearing  a  number.  By  this  means  the 
skeins  may  be  heaped  together  without  any  regularity  of  recurring 
colors,_such  as  occui-s  on  the  color-stick,  thus  obviating  the  possibility 
of  giving  a  hint  to  the  person  under  examination  by  the  regular 
arrangement  of  yarns,  as  might  occur  after  repeated  examinations 
of  the  individual. 

The  Holmgren  test  is  very  satisfactory  in  detecting  congenital  color 
blindness,  but  in  the  acquired  condition  some  other  method  must 
be  used,  because  of  the  fact,  before  mentioned,  that  the  blindness 
may  be  limited  to  a  small  area,  so  that  the  color  of  a  large  object  is 
correctly  seen,  and  the  defect  in  the  color  sense  is  discovered  only  when 
using  a  small  test-object,  such  as  a  distant  signal  light,  whose  retinal 
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CO  or  scotoma-u  tobacco  scotoma,  for  «''™P\-''°2"°^''bTthe  use 
The  existence  of  central  color  scotoma        be  detected  by  ttie_  u^ 
cf  the  ix-Hnreter,  employing  small  squares  of  colored  pape,  of  from 

"-nr  :^;i«rethod  is  -  -  as  tes^ob^ects^ma.  di^ 

:ntthetcolorbura  c:Ufnd  eye  sees  but  one  color,  blue,  or  a 

also  blind  to  itscomplementary 

VDencil  is  placed  so  situated  that  two  shadows  of  it  ta  1  on  the 
Z^i^^^vev  One  shadow,  that  formed  by  the  rays  from  the  ^hite 
white    ape      ^^je  ^^^^^  ^^^^^^  ^^^^ 

"^^yl^,  I  ^m    A  eolor-bUnd  pe^cm  win  ^ 

"  -  « of 

Al^hlvoma  ex  Anopsia.  Amblyopia  frovi  Disuse.    If  in  early  child- 
hotJ^^^eyT^^^^^^^        its  visualVower  is  "ed  f  romim^^^^^^^^^^ 
physiological  development  of  the  central  visua   ce^^^^^^^^  suppre  ng 
Lninv  in  causing  this  condition  is  probably  the  act  ot  suppressing 
r4  iX  the^  eye.    Particularly  is  this  true  i  ,  as  usu^  Y 

occm-s  in  strabismus,  the  vision  of  the  sqmntmg  eye  is  suppressed 
because  of  the  confusion  of  images  otherwise  seen.  _  p 

Th  s  suppression  of  vision,  which  really  means  an  abeyance  ot  the 

oUhe  patient!  is  undoubtedly  the  important  factor  m  the  production 

^'Ige  tfis™^^^^^^^  in  determining  the  result  of  disuse.  Ii. 
aduft  li t  after  tl  e  visual  centres  become  physio  ogK^ally  developed 
rmblvopia  does  not  result  from  disuse.    It  is  m  the  first  years  of  hfe, 
years  of  developmental  activity,  that  disuse  of  tins  function, 
coup^d  4th  eiorts  to  suppress  it,  exhibits  its  effect.    Tl^s  it  w^  be 
eyklent  that  in  all  cases  of  squint  m  children  efforts  should  be  made 
to   laintain  physiological  activity  in  the  squinting  eye  by  exercising 
functions  f^r  a  short  or  long  time  daily,  while  the  other  eye  is 
exc  Xl  from  work  by  means  of  a  bandage,  patch  or  opaque  glass 
m  a^Wopia  accompanying  squint  is,  howevei   ^tly,  i  not 
usually,  a'congenital  condition,  and  m  no  way  the  result  of  disuse. 
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But  m  cases  of  squint,  even  in  those  having  normal  visual  acuteness 
in  each  eye,  the  power  of  binocular  hxation  becomes  seriously  ini- 
pan-ed,  so  that  true  binocular  fixation  is  rarely  attained  aftei- 
correcting  a  strabismus. 

In  cases  of  high  refractive  error,  not  infrequently  a  considerable 
degree  of  amblyopia  remains  after  correction  of  the  refraction  bv 
suitable  lenses.  In  a  certain  number  of  these  cases  the  acuteness  of 
vision  improves  when  correcting-glasses  are  worn,  at  first  rapitUv 
then  more  slowly,  until  vision  becomes  normal,  or  the  condition  mav 
become  stationary  before  normal  vision  is  attained. 

Congenital  Amblyopia.    This  is  probably  the  result  of  arrested 
or  imperlect  development   of  the  central  visual  centre.    It  often 
escapes  observation  during  childliood,  and,  indeed,  not  infrequently  is- 
undiscovered  until  adult  age  or  middle  life,  when  by  chance,  perhaps 
the  patient  discovers  that  one  eye  is  blind.  ' 

When  affecting  one  eye,  it  is  associated  freciuently  with  strabismus. 
Nystagmus,  also,  sometimes  accompanies  high  degrees  of  amblyopia. 
The  entire  fiekl  of  vision  may  be  affected,  or  scotoma  may  be  present. 
No  objective  conditions  aderiuate  to  account  for  the  defective  vision 
are  found.    The  condition  is  not  amenable  to  treatment. 

Hysterical  Amblyopia.  Among  the  ocular  manifestations  of  hys- 
teria, aml)lyopia  is  often  present.  It  is  always  associated  with  con- 
centric contraction  of  the  field  of  vision.  A  peculiarity  of  this  form 
of  contracted  field  is  that  it  may  be  modified  in  size  by  excitation  of 
the  skin.  A  puncture  of  the  skin  by  a  pin,  for  instance,  will  increase 
the  size  of  the  field,  and  by  successively  irritating  or  exciting  the 
skin,  the  field  may  be  increased  to  its  normal  size. 

Color  sense  is  often  disturbed,  and  there  may  be  inversion  of  the 
normal  color  field— i  e.,  instead  of  the  field  for  blue  being  largest  and 
that  for  green  the  smallest,  the  field  for  green  is  found  largest  and 
that  for  blue  smallest.  There  may  be  polyopia,  monocular  diplopia, 
micropsia,  megalopsia,  hemianopsia,  or  central  scotoma. 

The  acuteness  of  vision  is  often  improved  by  plain  blue  glasses. 

When  blindness  is  complete,  it  is  usually  monolateral,  and  the 
IJujjil  reacts  when  the  other  eye  is  covered  and  uncovered. 

Other  disorders  of  sensation,  particularly  of  the  mucous  membranes 
and  skin,  and  especially  of  the  pharynx,  almost  always  accompany 
hysterical  amblyopia. 

Simulated  Amblyopia.  Blindness,  complete  or  partial,  affecting 
one  or  both  eyes,  is  sometimes  pretended  by  individuals  who  hope 
thereby  to  escape  the  performance  of  some  duty  or  to  gain  compen- 
sation in  the  way  of  a  pension,  or  damages.  If  the  individual  is  intel- 
ligent and  clever,  or,  on  the  other  hand  is  densely  stupid,  it  may  be 
very  difficult  to  convict  him  of  deceit,  and  much  care  must  be  given 
to  the  examination  of  his  condition. 

Complete  blindness  of  both  eyes  is  not  often  simulated,  excej^t  in 
those  cases  where  a  considerable  degree  of  amblyopia  really  exists. 
In  these  cases  the  action  of  the  pupil  is,  perhaps,  the  best  index  of  the 
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condition.  In  absolute  blindness  in  both  eyes  the  pupils  will 
rarely  respond  to  light.    Should  the  patient  have  used  atropine  to 

Fig.  340. 
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Extreme  concentric  contraction  as  produced  in  hysteria. 
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mask  the  real  condition  of  the  pupils,  this  fact  may  be  suspected  if 
there  is  extreme  dilatation,  as  the  mydriasis  accompanying  a  naurosis 
IS  usually  moderate.  It  is  true,  however,  that  the  pupils  may  con- 
tract under  the  stimulus  of  light,  or  that  the  opposite  condition,  that 
ol  wide  dilatation  of  the  pupil,  may  either  of  them  accompany  blind- 
ness; so  that  It  will  be  seen  that  the  unmasking  of  malingering  in 
these  cases  may  be  very  difficult.  s  ^ 

A  close  watch  should  be  kej^t  on  the  actions  of  the  individual  when 
he  believes  himself  free  from  observation. 

A  prism  of  6°  or  8°  may  be  placed  with  its  base  out  before  one 
eye  and  left  in  place  for  a  few  minutes.  If  on  its  sudden  removal 
the  eye  is  seen  to  deviate  outward,  it  may  be  suspected  that  the  eye 
sees.  Should  repeated  tests  show  that  withdrawal  of  the  prism 
is  accompanied  by  this  movement  of  the  eye,  the  fact  that  the  eve 
sees  is  established.  ^ 

If  blindness  in  one  eye  is  claimed,  a  prism  placed  before  the  pre- 
tende(  blind  eye  will  cause  no  change  in  the  position  of  the  eye  if  it 
be  really  blind.  If,  however,  the  eye  does  participate  in  vision,  a 
prism  ol  6  or  8°  placed  with  its  base  out  before  the  eye  causes  the 
eye  to  move  inward,  and  if  the  prism  be  suddenly  removed  while  the 
vision  is  hxed  on  some  near  object,  the  eye  can  be  seen  to  move  out- 
ward. 

Prisms  strong  enough  to  cause  double  vision  may  be  put  on  the 
patient  and  he  be  requested  to  walk  or  to  go  up  and  down  a  few 
steps  of  a  flight  of  stairs. 

The  diplopia  caused  by  a  5°  or  6°  prism  with  base  up  or  down 
tor  example,  is  most  confusing.  In  making  these  tests,  it  is,  of  course,' 
important  to  see  to  it  that  the  patient  does  not  close  the  "blind" 
eye  With  a  6°  or  7°  prism  with  base  do^vn  in  front  of  one  eye, 
and  the  vision  directed  to  some  distant  object,  the  eyes  will  alter- 
nately move  up  and  down  if  they  be  alternately  covered  and  uncov- 
ered with  a  screen. 

A  prism  may  be  held  with  its  thin  edge  opposite  the  middle  of  the 
pupil  ot  the  seemg  eye,  thus  causing  double  vision  in  the  single  eye. 
When  the  patient's  attention  is  directed  to  the  fact  that  he  can  see 
double  with  one  eye,  the  prism  may  be  moved  so  as  to  cover  the  pupil, 
when  if  he  still  admits  that  double  vision  exists,  he  is  seeing  with 
both  eyes.  These  tests  show  the  existence  of  binocular  vision,  but 
do  not  indicate  the  acuteness  of  vision  in  the  blmd  eye. 

Among  the  quantitative  tests  may  be  mentioned  the  following-  A 
strong  convex  lens— e.  g.,  10  D.— is  placed  before  the  seeing  eye,  and  the 
test-type  is  held  at  such  a  distance  that  it  can  be  read  with  this  eye, 
which  with  an  emmetropic  eye  is  one-tenth  metre ;  then  with  both  ej^es 
open  the  type  is  moved  farther  awa}^,  and  if  it  is  still  read,  it  is  being 
read  by  the  "blind"  eye. 

The  stereoscope  may  be  used  with  cards  bearing  various  designs 
which  differ  on  the  two  sides,  and  which  are  combmed  by  the  vision 
of  two  eyes  to  form  a  definite  figure  or  letter. 
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Before  the  seeing  eye.  two  strong  cylinders — e.  g.,  4  D.  and  +4  D. 
— are  so  arranged  as  to  neutralize  each  other,  i.  e.,  with  axes  together. 
In  this  position  they  do  not  affect  the  vision.  Now,  while  the  patient 
is  reading  distant  test-type  one  cylinder  is  turned  10°  or  15°,  thus 
entirely  changing  the  refraction  of  the  combination  and  lessening 
the  visual  acuity  of  the  eye  before  which  it  is  placed.  This  change 
should  be  made  while  the  |Datient  is  reading  large  type,  as  in  reading 
small  type,  which  demands  of  the  patient  close  attention  to  detail, 
a  comparatively  small  change  in  the  lens  before  one  eye  is  noticed 
at  once,  even  though  both  eyes  have  normal  visual  acuteness  and 
are  being  used  together.  When  one  eye  has  subnormal  vision,  then 
any  change  in  the  refraction  of  the  lens  in  front  of  the  better  eye  is, 
obviously,  more  quickly  detected. 

Of  course,  the  refraction  of  the  eye  should  be  determined,  at  least 
approximately,  by  using  the  shadow  test  with  the  supposed  blind 
eye,  and  efforts  to  improve  vision  by  correcting  lenses  should  be  made. 

Snellen's  transparent  red  and  green  test-letters  of  different  sizes 
may  enable  one  to  detect  simulation,  and  at  the  same  time  to  determine 
the  amount  of  vision  in  each  eye.  The  patient  is  requested  first  to 
read  the  letters  without  anjrthing  before  his  eyes.  Then  a  spectacle 
frame,  holding  a  red  glass  in  one  side  and  in  the  other  a  green  glass, 
is  put  on  him,  and  he  is  asked  to  read  the  letters  again,  taking  care 
that  he  keeps  both  eyes  open.  The  green  glass  shuts  off  from  one 
eye  all  the  light  coming  from  the  red  letters,  thus  making  them  invisi- 
ble to  the  eye.  Similarly  the  red  glass  makes  the  green  letters  in- 
visible to  the  other  eye.  By  noting  what  letters  are  read,  it  is  easy 
to  determine  whether  one  only  or  both  eyes  are  used,  and  what  acute- 
ness of  vision  is  represented  by  the  size  of  type  read. 

Ursemic  Amblyopia.  Amblyopia  from  ursemic  poisoning  is  seen 
accompanying  the  albuminuria  of  scarlet  fever,  variola,  measles,  and 
pregnancy.  It  is  associated  frequently  with  symptoms  of  brain  irri- 
tation, such  as  vomiting,  convulsions,  coma,  and  hemiplegia.  Both 
eyes  are  affected,  and  blindness  may  be  complete  within  a  few  hours 
from  its  onset.  A  peculiarity  of  this  condition  is  that  the  pupillary 
reactions  are  not  lost.  The  prognosis  so  far  as  \dsion  is  concerned 
is  good,  blindness  usually  disappearing  with  subsidence  of  the 
albuminuria. 

Glycosuric  Amblyopia.  Diabetes  sometimes  causes  amblyopia, 
and  it  is  characterized  by  a  central  color  scotoma.  Central  scotoma 
for  white  may  also  be  present.  The  visual  field  may  be  normal  or 
contracted,  or  may  be  hemianopic.  The  prognosis  is  unfavorable, 
although  useful  vision  may  long  be  retained. 

_  Malarial  Amblyopia.  Malaria  is  another  disease  which,  in  addi- 
tion to  those  cases  of  impaired  vision  due  to  apparent  lesion,  causes 
other  disturbances  of  vision  in  which  the  ophthalmoscopic  findings 
are  negative.  The  affection  appears  as  a  transient  loss  of  vision, 
lasting  from  a  few  hours  to  several  days,  and  disappears  under  treat- 
ment with  quinine.    The  amblyopia  begins  with  the  chill  and  ends 
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with  the  onset  of  the  sweating  stage.  Although  blindness  may  be 
complete,  the  pupils  react  normally  to  light. 

Amblyopia  from  Hemorrhage.  Loss  of  blood  is  followed  occasion- 
ally by  impaired  vision  or  by  blindness.  The  disturbance  in  vision 
may  not  manifest  itself  until  some  time  after  the  hemorrhage,  even 
after  the  normal  volume  of  blood  has  been  re-established  and  the 
equilibrium  of  the  circulation  restored.  Instances  of  this  condition 
have  been  observed  following  hemorrhages  wliich  were  not  very 
severe  or  exhausting,  so  that  a  condition  of  anaemia  could  not  be 
said  to  exist,  although  it  more  often  accompanies  or  follows  an  ex- 
sanguinated condition.  It  is  seen  after  metrorrhagia,  haemoptysis, 
gastric  hemorrhage,  and  post-partmn  hemorrhage.  The  amblyopia 
sometimes  accompanying  great  anaemia  and  extreme  chlorosis  may 
be  considered  the  same  in  kind  as  that  following  hemorrhage.  A 
case  of  this  nature,  under  the  observation  of  the  writer,  occurred  in 
a  frail,  anaemic  woman,  thirty-six  years  old,  after  a  prolonged  period 
of  lactation.  Vision  gradually  failed  for  several  days,  when  blind- 
ness became  absolute.  The  light  reaction  of  the  pupils  was  not  lost, 
but  was  lessened,  and  the  pupils  were  but  little  larger  than  normal 
in  size.  Tonic  treatment  was  at  once  instituted,  and  the  child 
was  taken  from  the  breast.  The  condition  of  vision  remained 
unchanged  for  three  weeks,  when  sight  began  to  return,  and  soon 
normal  vision  was  restored. 

The  loss  of  vision  may  be  gradual,  or  sudden  and  complete,  or 
partial,  and  is  generally  bilateral.  Tliere  may  be  central  scotoma. 
The  affection  may  remain  for  a  few  hours  or  days,  or  even  for  a  few 
weeks,  and  then  gradually  disappear  completely,  or  it  may  leave 
behind  it  permanent  defects.  The  most  unfavorable  cases  appear  to 
be  those  which  are  late — a  week  or  more — in  following  the  hemor- 
rhage, and  these  cases  usually  show,  at  a  later  stage,  atrophy  of  the 
optic  nerves. 

It  should  be  remarked  that  an  impairment  of  vision  coming  on 
during  an  exhausted  bodily  condition  may  be  due  to  a  weakening 
or  exhaustion  of  the  power  of  accommodation,  and  the  state  of  the 
refraction  and  accommodation  should  always  be  examined  in  such 
conditions. 

It  is,  of  course,  important  to  have  some  guide  as  to  the  prognosis 
in  these  conditions.  The  negative  result  of  the  ophthalmoscopic 
examination  is  no  index  in  making  a  prognosis,  for  we  meet  with 
cases  of  sudden  blindness  occurring  during  the  course  of  acute  dis- 
ease, in  which  no  change  in  the  eye  fundus  is  visible  for  weeks, 
and  yet  where  blindness  is  permanent  and  in  which  atrophy  of  the 
optic  nerve  eventually  appears.  The  behavior  of  the  pupil  may 
give  information  of  value,  as  when  pupillary  reaction  is  not  lost  in 
blindness  in  any  of  the  foregoing  conditions  the  prognosis  is  more 
favorable. 

Amblyopia  from  Lightning  Flash.  Loss  of  vision  by  lightning 
stroke  has  been  reported  in  many  instances,  and  may  be  accompanied 
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by  other  lesions,  such  as  burn  of  the  skin  or  cornea,  ptosis,  or  injury 
to  the  lens,  causing  cataract,  or  inflammatory  conditions  of  the  deep 
structures  of  the  eye.  The  sight  in  cases  uncompUcated  by  inflam- 
matory or  other  visible  changes  is  usually  fully  restored. 

Reflex  Amblyopia.  Irritation  of  the  fifth  nerve,  especially  that 
form  arising  from  diseased  teeth,  is  said  sometimes  to  affect  vision. 
Amblyopia  in  one  eye,  resulting  from  irritation  of  the  ciliary^  nerves 
in  the  other  eye,  has  been  reported,  as  have  cases  of  amblyopia  from 
intestinal  irritation  due  to  the  presence  of  worms  in  the  intestinal 
canal. 

Scintillating  Scotoma.  This  condition  (Fig.  342)  is  known  also 
as  "amaurosis  fugax,"  and  as  "flicker  scotoma."  The  condition  is 
characterized  by  the  appearance  in  the  field  of  vision  of  a  cloud, 
obscuring  more  or  less  completely  objects  in  one  part  of  the  field; 

Fig.  342. 


Scintillating  scotoma  in  migraine.  (Reute.) 

this  cloud  increases  in  size  and  may  obliterate  completely  one-half 
of  the  field.  It  is  homonymous— i.  e.,  affects  the  nasal  half  of  one 
visual  field,  and  the  temporal  half  of  the  other.  Accompanying  this 
cloudiness  is  a  peculiar  wavy  or  flickering  visual  sensation.  Often 
sparks  of  Ught  appear,  or  the  cloud  may  be  bordered  by  a  bright 
edge.  The  acuteness  of  vision  is  disturbed,  being  generally  very 
decidedly  decreased.  The  scintillations  finally  cease,  the  cloud  dis- 
appears, and  vision  is  again  normal.  Accompanying  the  sensations 
just  mentioned,  or  immediately  following  their  subsidence,  headache 
usually  appears  and  is  limited  to  one  side— migraine.  These  phenom- 
ena may  result  from  irritation,  probably  of  the  brain  cortex,  from 
toxic  substances  absorbed  during  gastric  or  intestinal  indigestion. 
Eyestrain  from  refractive  errors  is  surely  a  not  infrequent  cause, 
either  directly  by  causing  brain  irritation,  or  indirectly  by  reflexly 
disturbing  the  functions  of  the  stomach. 
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As  temporary  obscurations  of  vision  occur  in  glaucoma,  the  tension 
of  tlie  eyes  sliould  always  be  examined  in  this  condition,  in  order 
to  avoid  mistaking  the  character  of  the  affection. 

Nyctalopia/  Night  blindness  is  a  functional  disease  characterized 
by  a  dimiiiished  sensibility  of  the  retina  to  light.  It  usually  occurs 
suddenly  in  spring  or  summer,  after  one  or  several  days  spent  in 
bright  sunlight,  a  debilitated  condition  of  the  health  often  being  a 
contributing  cause.  In  the  beginning  the  centre  only  of  the  retina 
is  affected,  and  a  more  or  less  sharply  defined  cloud  appears  in  the 
centre  of  the  field,  which  compels  the  patient  to  look  beyond  or  at 
the  side  of  an  object  in  order  to  see  it  at  all  distinctly.  Frequently 
all  of  the  field,  or  all  but  the  periphery,  is  cloudy.  If  the  exciting 
conditions  continue,  the  density  of  the  cloud  becomes  greater,  and 
the  blindness  comes  on  earlier  in  the  eveiung.  In  cases  of  only 
moderate  severity  the  full  light  of  a  bright  or  even  a  cloudy  day 
is  sufficient  to  permit  the  patient  to  read  or  distinguish  objects  near 
at  hand.  _  In  high  degrees  of  night  blindness,  however,  very  bright 
illumination  is  necessary  for  normal  vision.  An  unfavorable  position 
of  the  object  to  the  light,  a  cloudy  day,  shadows  falling  on  objects, 
all  materially  lessen  the  visual  acuteness,  and  lessen  the  power  of 
distinguishing  colors.  Sudden  changes  in  illumination  affect  the 
vision  much  more  than  is  the  case  with  the  normal  eye.  If  the  illu- 
niination  is  reduced,  a  point  is  reached  beyond  which  the  decrease 
in  vision  is  very  rapid,  so  that  a  very  small  decrease  in  illumination 
causes  a  profound  effect  upon  vision,  often  rendering  objects  instantly 
unrecognizable;  even  perception  of  light  may  disappear.  Tliis 
particular  point  in  decreased  illumination  varies  with  different  indi- 
viduals. Diminished  light  at  any  hour  of  the  day  has  the  same 
effect,  and  the  idea,  at  one  time  common,  that  the  disease  was  confined 
to  certain  hours  of  the  day,  is  incorrect.  The  pupils  are  usually  some- 
what dilated,  but  react  to  light,  and  the  field  is  often  irregularly 
contracted.  The  color  sense  is  frequently  disturbed,  and  colored 
vision  may  exist. 

A  cure  usually  follows  removal  of  the  cause,  but  relapses  are 
frequent.  Protection  of  the  eyes  against  bright  light  and  the  use 
of  tonic  medicines  comprise  the  treatment  of  this  affection. 

Hemeralopia.  ^  Day  blindness  is  a  form  of  retinal  hypertEsthesia 
in  which  vision  is  diiTiinished  during  ordinary  daylight,  but  is  good 
in  a  dim  light.  It  may  be  caused  by  exposiire  to  bright  light,  espe- 
cially by  light  reflected  from  glistening  snow  or  ice.  An  important 
contributing  cause  is  eyestrain  from  refractive  errors.  Intense  photo- 
phobia is  sometimes  present,  as  well  as  the  phenomena  called  phos- 
phenes,  which  consist  of  subjective  symptoms  characterized  by  the 
appearance  of  highly  luminous  moving  clouds,  rings,  or  streaks, 
and  dazzling  sensations.    The  condition  may  exist  as  one  of  other 


'  The  term  nyctalopia  is  often  used  to  indicate  day  blindness,  and  hemeralopia  to  Indicate  night 
blindness.  The  true  meaning  of  the  words,  however,  seems  to  be  as  above  used. 
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congenital  defects,  such  as  albinism  or  coloboma  of  the  iris  or 
choroid. 

The  use  of  tinted  glasses,  but  especially  the  careful  correction  of 
refraction,  will  eventually  cure  the  affection. 

Snow  Blindness.  This  may  take  the  form  either  of  day  blindness 
or  night  blindness,  and  follows  exposure  to  the  sun's  rays  reflected 
from  snow  fields.  It  is  accompanied  often  by  inflammation  of  the 
conjunctiva  or  cornea,  intense  photophobia,  and  spasm  of  the  lids, 
although  it  may  not  be  accompanied  by  inflammatory  conditions. 
It  begins  by  a  gradual  or  rapid  darkening  of  the  visual  field,  and 
continues  as  long  as  the  eyes  are  exposed  to  glaring  light.  Pro- 
tection of  the  eyes  against  the  bright  light  by  means  of  smoked-glasses, 
or  otherwise,  relieves  the  condition. 

A  condition  somewhat  similar  to  the  foregoing  is  met  with  pome- 
times  in  persons  who  are  employed  in  the  care  of  the  electric  arc 
light,  the  intense  light  of  which  has  an  injurious  effect  on  the  eye 
structures. 

Micropsia,  Megalopsia,  Metamorphopsia.  In  micropsia  the  con- 
dition of  vision  is  such  that  objects  look  too  small;  in  megalopsia 
they  look  too  large ;  and  in  metamorphopsia  they  appear  distorted. 

One  or  all  of  these  conditions  may  be  present  when  the  retinal 
rods  and  cones  are  displaced  by  exudate  or  other  cause.  If  the 
retinal  elements  are  pushed  asunder,  so  that  the  images  which  fall 
on  the  retina  cover  fewer  elements,  the  objects  seen  will  appear  smaller 
than  they  are ;  if  the  retinal  elements  are  pressed  together,  the  oppo- 
site condition  exists,  and  it  is  evident  that  distortion  of  objects  may 
appear  from  disturbance  of  the  order  of  the  rods  and  cones.  These 
conditions  of  vision  are  made  out  best  by  causing  the  patient  to  look 
at  a  set  of  parallel  hues  drawn  on  a  surface  and  held  near  at  hand, 
when,  if  the  central  lines  appear  bent  toward  each  other  at  the  point 
of  fixation,  micropsia  with  metamorphopsia  appears,  while  if  the 
lines  seem  bent  apart  at  this  point,  megalopsia  exists. 

Paresis  of,  or  weakened  accommodation,  whether  resulting  from 
disease,  or  produced  artificially  by  drugs,  has  the  effect  of  causing 
near  objects  to  appear  smaller  than  is  natural.  The  psychic  effect 
of  the  increased  effort  of  accommodation  required  to  see  the  object 
distinctly  is  to  give  the  impression  of  a  much  smaller  object.  In 
hysteria  objects  sometimes  appear  too  large  or  too  small. 

Metamorphopsia  may  be  caused  by  irregularities  in  the  curvature 
or  density  of  the  refracting  media  of  the  eye. 

Erythropsia.  This  is  a  condition  characterized  by  saturation  of 
the  field  of  vision  with  a  certain  color,  and  may  be  due  to  coloring 
matter  in  the  dioptric  media  or  anterior  layers  of  the  retina.  It  is 
sometimes  seen  during  the  occurrence  of  icterus,  and  is  then  probably 
due  to  the  presence  in  the  eye  structure  and  fluids  of  bile  pigments. 
Colored  vision  is  often  noted  after  cataract  extraction,  in  which  case 
the  color  of  the  field  is  complementary  to  the  color  of  the  light  which 
the  eye  saw  through  the  cataractous  lens.    That  is,  the  color  of  a 
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cataractous  lens  is  usually  yellowish,  and  it  transmits  light  of  this 
color,  so  that  after  the  yellowish  lens  is  removed  the  eye  sees  white 
light  as  bluish  in  color.  This  condition  disappears  in  the  course  of 
time  and  demands  no  treatment.  Red  vision  sometimes  follows 
exposure  of  the  eyes  to  strong  light. 

Gazing  at  the  sun  through  a  telescope  having  a  colored  glass  behind 
the  eye-piece  is  followed  by  colored  vision  persisting  for  days,  the 
color  seen  being  complementary  to  the  color  of  the  glass  behind  the 
eye-piece.  The  ingestion  of  certain  di-ugs,  such  as  camiabis  indica, 
santonin,  amyl  nitrite,  picric  acid,  osmic  acid,  and  some  others  is 
often  followed  by  colored  vision.  Coffee  is  said  sometimes  to  cause 
red  vision. 


CHAPTEK  XIII. 


THE  EYE  m  ITS  RELATION  TO  GENERAL  DISEASES.' 

By  C.  F.  CLARK,  M.D. 
CONSTITUTIONAL  DISEASES. 

Anaemia  is  secondary  to  so  many  and  such  diverse  pathological 
concUtions  that,  in  considering  its  relation  to  diseases  of  the  eyes  it 
is  necessary  to  observe  caution  to  avoid  confusing  the  effects  of  the 
anemia  proper  with  those  of  the  disease  upon  which  it  depends  ;  and 
even  if  we  exclude  the  primary  or  essential  anajmias  (chlorosis  and 
icUopathic  or  progressive  pernicious  anemia),  there  is,  probably,  no 
one  constitutional  condition  which  more  frequently  has  a  part  m  pro- 
ducing the  various  forms  of  asthenopia,  the  consideration  of  which 
occupies  so  much  of  the  time  of  the  ophthalmic  surgeon. 

No  subject  pertaining  to  the  complex  relation  which  exists  between 
the  eye  and  general  diseases  can  be  of  greater  importance  to  the 
physician  than  that  which  concerns  the  functional  reflex  disturbances 
so  often  seen  in  patients  who  have  errors  of  refraction  and  are  at  the 
same  time  more  or  less  aneemic. 

There  exists  little  doubt  in  the  mind  of  the  writer  that  the_  early 
and  judicious  use  of  those  means,  hygienic,  dietetic,  and  medicinal, 
which  tend  to  overcome  anaemia,  could,  in  a  large  number  of  instances, 
delay  for  many  years  the  necessity  for  correcting  the  low  grades  of 
hyperopia  and  astigmatism  which  are  so  important  a  feature  m  the 
practice  of  ophthalmology  as  we  see  it  in  America. 

The  general  asthenia  which  accompanies  the  ansemic  state  mani- 
fests itself  as  asthenopia,  and  this  may  be  conjunctival,  ciliary  mus- 
cular, or  retinal.  It  not  infrequently  happens  that  after  a  prolonged 
struggle  on  the  part  of  the  ophthalmic  surgeon  to  correct  properly 
hyperopia,  astigmatism,  and  muscular  imbalance  by  means  of  spheri- 
cal, cylindrical,  and  weak  prismatic  lenses,  and  to  relieve  obscure 
reflex  symptoms,  such  as  headache,  etc.,  apparently  due  to  eyestrain, 
and  obstinate  photophobia  and  conjunctival  irritation,  by  appropriate 
treatment,  it  is  found  that  large  doses  of  a  ferruginous  tonic  and  a 
properly  regulated  life,  with  an  abundance  of  out-of-door  exercise, 
bring  about  complete  relief  from  all  the  distressing  symptoms,  ren- 
dering glasses  for  the  time  being  unnecessary.    On  the  other  hand, 

1  The  author  wishes  to  acknowledge  his  Indebtedness  to  Dr.  W.  K.  Rogers  for  the  valuable  assist- 
ance afforded  him  in  collecting  material  for  the  following  cliapter. 
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it  frequently  happens  that  all  of  the  best  directed  plans  of  general 
treatment  completely  fail  when  they  are  not  supplemented  by  the 
inost  pamstakmg  correction  of  all  such  errors  of  refraction  and  niuscle 
imbalance. 

An  ideal  life  is  seldom  possible  to  our  patients,  and  the  practical 
problem  which  faces  the  general  practitioner,  as  well  as  the  ophthalmic 
sui-geon,  in  dealing  with  such  cases  is,  How  shall  we  afford  reUef  to 
the  symptoms  of  which  they  complain,  and  still  allow  them  to  con- 
tinue to  live  the  hfe  and  follow  the  pursuits  wMch  seem  necessary 
to  them!*  Under  these  circumstances  it  is  essential  not  only  to 
correct  all  errors  of  refraction  and  imbalance,  but  also  to  treat  the 
ana;mia  which  renders  them  a  more  active  som-ce  of  disturbance 

In  simple  anemia,  even  when  profound,  the  ophthalmoscopic  ap- 
pearances are  often  negative.  In  some  cases  we  find  pallor  of  the 
disk  and  under-filled  bloodvessels.  When  sufficiently  prolonged  to 
produce  wasting,  the  eyeball  may  become  somewhat  smiken  in  the 
orbit. 

_  Congestion  of  the  conjunctiva  accompanied  by  dryness  is  some- 
times noted,  and  it  is  not  uncommon  in  the  wi-iter's  experience  to  find 
cases  of  what  would  be  classed  as  palpebral  conjunctivitis,  in  which 
there  is  a  sensation  of  the  presence  of  dust  particles  in  the  eyes,  yield 
only  after  the  anaemia  has  been  relieved  by  treatment. 

There  are  accidental  conditions  that  may  give  rise  to  a  number 
of  eye  symptoms  in  well-marked  cases,  even  when  not  of  such  a 
character  as  to_  justify  the  term  pernicious  anaemia— oedema  of  the 
lids,  extravasation  of  blood  appearing  suddenly,  generally  at  night, 
beneath  the  bulbar  conjunctiva,  and,  at  times,  even  small  retinal 
hemorrhages. 

_  In  speaking  of  pernicious  anaemia,  Knies,  quoting  Fraenkel,^  men- 
tions parenchymatous  changes  in  the'  external  ocular  muscles.  They 
were  pale  and  clay-colored,  with  partial  absence  of  the  transverse 
striations,  and  the  fibres  were  filled  with  a  yellow  or  brown  pigment, 
or  were  finely  granular,  some  fibres  being  narrow  and  waxy. 

Occasionally  in  this  condition  we  may  have  even  neuritis  or  retro- 
bulbar neuritis,  followed  by  atrophy  of  the  optic  nerves.  In  chlorosis 
eye  symptoms  present  themselves  of  a  character  similar  to  those  of 
anaemia;  but,  unlike  pernicious  anaemia,  chlorosis  is  not  accompanied 
by  retinal  hemorrhage. 

Leukaemia.  In  this  fatal  disease  eye  S3miptoms  may  or  may  not 
be  present.  In  the  acute  stage  hemorrhages  into  the  lids  or  con- 
junctiva may  appear,  and  they  are  seen  also  at  times  as  a  late  mani- 
festation. ^  Neoplasms  of  leukaemic  origin  may  develop  in  the  orbit, 
though  tliis  is  an  extremely  rare  occm-rence,  and  involvement  of  the 
lacrymal  glands  and  lids  has  been  reported.  Occasionally  the  iris 
and  choroid  are  involved;  in  the 'former,  circumscribed  tumors  some- 
times appearing  before  the  lymphatic  and  splenic  enlargements,  and 
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certain  cases  present  the  appearance  of  chronic  iritis  with  flocculent 
opacities  of  the  vitreous  (Berger). 

Hemorrhages  and  exudations  into  the  choroid  and  optic  nerve 
have  also  been  observed,  although  the  most  frequent  seat  of  such 
lesions  is  the  retina,  where  one  may  sometimes  see  bright  areas 
of  degeneration.  Poncet  has  shown  how  vascular  degeneration 
makes  hemorrhage  possible,  and  de  Schweinitz  describes  the  white 
spots  with  red  borders  which  make  their  appearance  in  the  macular 
region  and  also  near  the  equator.  These  spots  are  said  to  consist 
of  leucocytes  surrounded  by  red  corpuscles.  "In  some  cases  the 
orange-red  color  of  the  fundus  is  masked  by  a  fine,  striated,  grayish 
veil,  due  to  opacity  of  the  superficial  covering  of  the  retina"  (Berger). 

Although  albumin  may  be  present  in  the  urine  in  leukaemia,  the 
bright  white  areas  of  infiltration  need  not  mislead  one  who  takes  into 
account  the  other  general  manifestations  of  the  disease,  especially  the 
microscopic  appearance  of  the  blood. 

Rhachitis.  Whether  due  to  rhacliitis  or  some  other  concomitant 
dyscrasia,  interstitial  keratitis  and  phlyctenular  conjunctivitis  and 
keratitis  are  observed  in  rhachitic  subjects.  Lamellar  or  zonular 
cataracts,  either  congenital  or  forming  in  early  childhood,  in  which 
we  find  alternate  layers  of  opaque  and  transparent  lens  tissue,  depend 
for  their  development  upon  constitutional  diseases  which  interfere 
temporarily  or  periodically  with  the  nutrition  of  the  lens,  and  their 
formation  is  analogous  to  and  at  times  associated  with  corresponding 
interruptions  in  the  formation  of  the  enamel  of  the  teeth. 

Hereditary  syphilis,  scrofula,  and  rhachitis  have  all  been  assigned 
as  causes  of  this  interference  with  the  regular  process  of  development, 
but  it  is  to  the  prolonged  and  violent  convulsions  accompanying  the 
last-named  disease,  and  occurring  during  the  period  of  active  develop- 
ment of  the  lens  cells,  that  the  majority  of  authorities  attribute  this 
form  of  cataract.  While  quite  generally  accepted,  considerable  doubt 
is  thrown  upon  this  theory,  so  far  as  the  convulsions  are  concerned, 
by  the  fact  that  prolonged  infantile  convulsions  so  frequently  occur 
without  the  development  of  cataract,  and  the  additional  fact  that 
in  so  large  a  proportion  of  cases  no  history  of  convulsions  can  be 
elicited. 

Hsemophilia.  This  condition,  so  little  understood,  causes  disease  of 
the  eye  far  less  frequently  than  would  be  expected.  Priestley  Smith 
has  reported  one  case  of  orbital  hemorrhage  following  an  injury  in 
a  "bleeder,"  and  Haab  states  that  retinal  hemorrhage  in  the  form 
of  retinitis  prohferans  has  been  observed.  Surgical  procedures  in 
such  cases  are  to  be  avoided  when  it  is  possible,  and  especially  those 
involving  the  use  of  the  knife. 

The  writer  has  removed  without  accident  a  papilloma  from  the 
conjunctival  sac  by  means  of  a  ligature  in  a  pronounced  hemophiliac. 

Addison's  Disease.  Aside  from  the  asthenopia  which  naturally  ac- 
companies a  disease  characterized  by  marked  general  weakness,  the 
eyelids  may  share  in  the  general  bronzing  of  the  skin  of  the  face,  and 
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there  is  apt  to  be  jaundice  of  the  conjunctiva,  while  Schroetter'  saw 
jnitches  on  tlie  sclera. 

Myxoedema.  This  disease  may  make  its  appearance  first  in  the  skin 
of  the  eyelids.  Amblyopia  has  been  reported,  and  AVadsworth  saw 
one  case  with  atrophy  of  the  optic  nerve  involving  both  eyes. 

With  general  alopecia  there  is  falling  of  the  eyelashes,  and  this 
as  well  as  the  failure  of  accommodation  and  concentric  limitation  of 
the_  visual  field,  which  may  occm-  without  apparent  atrophy  of  the 
optic  nerve,  has  been  known  to  unprove  or  disappear  under  treat- 
ment with  thyroid  extract. 

Diabetes.  Diabetes  Mellitus.  Probably  no  other  constitutional 
disease  produces  a  greater  variety  of  ocular  manifestations  than 
diabetes,  and  yet  in  its  milder  forms  it  may  be  present  for  a  long 
time  without  evidence  of  its  existence  being  apparent  in  the  eyes. 
In  temporary  toxic  and  traumatic  glycosuria,  notwithstanding  the 
presence  of  large  quantities  of  sugar  in  the  urine,  the  eyes  are  not 
affected  (Knies),  which  would  tend  to  confirm  the  theory  that  the 
presence  of  the  sugar  is  not  the  direct  cause  of  many  of  the  symptoms. 

Among  those  who  support  the  various  theories  of  the  etiology  of 
this  interesting  disease  there  seems  to  be  a  general  agreement  on 
one  point,  and  that  is,  that  the  underlying  cause  is  some  profound 
disorder  of  the  nervous  system. 

Undoubtedly  many  of  the  ocular  manifestations  at  times  attributed 
to  diabetes  are  accidental  or  indirect  effects;  but  when  it  is 
so  far  advanced  that  assimilation  is  seriously  interfered  with  and 
evidences  of  auto-intoxication  present  themselves,  we  find,  as  in 
albuminuria,  the  most  profound  changes  in  almost  every  portion  of 
the  eye,  and,  while  it  is  to  the  condition  of  the  crystalline  lens  and 
retina  that  attention  generally  is  directed,  the  external  ocular  muscles, 
the  cornea,  the  iris  and  ciliary  body,  the  lens,  the  vitreous  and  the 
choroid,  retina,  and  optic  nerve  may  all  be  affected. 

In  advanced  cases  we  may  have  a  somewhat  mtractable  form  of 
eczema  of  the  edges  of  the  lids,  and  there  is  also  a  tendency  at  times 
to  the  formation  of  furuncles. 

Many  instances  have  been  recorded  of  diabetic  paralysis  of  the 
external  ocular  muscles,  any  of  which  may  be  affected;  and  Leber  has 
pointed  out  that  such  paralysis  may  be  due  directly  or  indirectly 
to  diabetes  or  may  result  from  the  cerebral  disease  on  which  it  depends. 
While  some  authorities  state  that  paralysis  more  commonly  affects 
the  branches  of  the  oculomotor,  Hirschberg  and  Lawford  agree  that 
in  their  experience  the  sixth  is  affected  more  frequently.  Unilateral 
ptosis,  from  paralysis  of  the  third,  and  lagophthalmos  from  mvolve- 
ment  of  the  facial,  are  seen  occasionally. 

The  paralysis  may  in  the  more  advanced  stages  be  permanent;  or 
it  may  be  slight  and  temporary  in  character  in  those  cases  in  which 
the  constitutional  malady  yields  to  treatment.    Nuclear  and  periph- 
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eral  hemorrhages  and  toxic  peripheral  neuritis  have  been  assigned 
as  the  causes  of  paralysis  of  the  external  ocular  muscles,  and  to  the 
latter  cause  Knies  assigns  the  frequent  neuralgias  and  occasional 
anaesthesias  and  sensory  disturbances  which  are  seen  in  diabetic 
patients.  He  calls  attention  also  to  the  fact  that  a  peripheral  neuritis 
•of  diabetic  origin  may  cause  herpes  zoster  ophthalmicus,  and  that 
the  anesthesia  of  the  first  branch  of  the  trigemmus  may  give  rise  to 
neuroparalytic  keratitis. 

-  As  in  other  diseases  causing  marked  impairment  of  nutrition,  dia- 
betes in  its  terminal  stages  sometimes  causes  destructive  keratitis. 

Diabetic  iritis  is  by  no  means  uncommon,  as  was  established  by 
Leber,  in  1885,  and  has  been  confirmed  by  many  writers  since  that 
time.  Hutchinson  states  that  in  his  experience  it  generally  occurred 
ui  patients  who  were  also  the  subjects  of  gout.  As  a  complication  of 
operations,  such  as  cataract,  diabetic  iritis  is  not  only  very  intract- 
able, but  also  not  very  uncommon.  Iritis  in  diabetes  is  generally  of 
the  plastic  type;  but,  with  the  exception  of  cases  following  operations, 
is  not  usually  severe.  When  there  is  exudation  it  is  generally 
fibrinous  in  character,  and  may  entirely  block  the  pupil,  in  some 
mstances  being  associated  with  hypopyon  and  hyphsemia.  Cyclitis 
is  seen  occasionally,  and  is  followed  by  degenerative  changes  in  the 
vitreous. 

That  cataract  occurs  as  a  result  of  diabetes  is  conceded  by  all 
mthorities,  but  there  is  some  difference  of  opinion  as  to  how  it  is 
produced.  When  occurring  in  elderly  subjects  of  diabetes  the  pos- 
sibility of  its  being  a  mere  coincidence  should  be  borne  in  mind;  but 
while  it  may  occur  at  almost  any  age,  diabetic  cataract  is_  often  seen 
in  quite  young  people,  several  instances  being  recorded  in  patients 
ranging  in  age  from  eleven  to  fifteen  years. 

The  proportion  of  individuals  with  diabetes  who  develop  cataract 
has  been  variously  estimated  at  from  4  to  25  per  cent.,  the  latter 
being  the  result  of  von  Graefe's  observations. 

It  is  questionable  whether  it  is  ever  possible  to  distinguish  by  a 
physical  examination  between  a  cataract  due  to  diabetes  and  one 
due  to  other  causes,  although,  as  they  often  appear  in  relatively  young 
people,  they  are  apt  to  be  soft,  usually  developing  rapidly,  and  are  at 
times  preceded  by  almost  visible  swelling  of  the  lens.  They  may 
appear  in  cases  in  which  the  general  nutrition  has  been  only  slightly 
affected  as  well  as  in  those  in  whom  there  is  great  emaciation;  and 
there  is  great  difference  of  opinion  as  to  the  mode  of  development. 
The  majority  of  the  elaborate  theories  advanced  to  account  for  the  pro- 
duction of  cataract  in  diabetes  are  easily  proved  to  be  unworthy  of  con- 
sideration, and  this  applies  especially  to  the  theory  that  the  opacity 
is  in  some  way  due  to  the  chemical  effect  of  the  sugar  which  is  found 
in  the  substance  of  the  lens.  This  theory  proves  too  much,  for  sugar 
has  been  found  in  the  lens  in  two-thirds  of  the  cases  of  diabetes,  and 
still  more  frequently  in  the  aqueous  humor  and  vitreous.  It  is 
probable  that  Knies  is  correct  when  he  states  that  diabetic  cataract 
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develops  uiicler  the  same  conditions  as  spontaneous  cataract,  as  the 
result  of  disturbances  in  the  choroid,  and  particularly  in  the  ciliary 
processes,  which  furnish  the  nutritive  supply  to  the  lens.  Toxic 
substances  circulating  in  the  blood,  and  not  "the  harmless  sugar," 
set  up  the  diseased  condition  of  the  uveal  tract,  which  in  turn  pro- 
duces the  cataract. 

Several  writers  have  cited  cases  of  diabetes  in  which  the  lenticular 
opacities  have  disappeared  when  the  general  condition  improved 
under  treatment,  provmg  that  such  opacities  were  not  the  result  of 
complete  degeneration  of  the  lens  fibres. 

Before  operating  for  the  extraction  of  cataract  in  the  case  of  a 
diabetic  patient,  it  is  well  that  some  dietetic  and  constitutional  treat- 
ment be  inaugurated  to  improve  his  general  condition.  After  observ- 
ing this  precaution  and  providing  the  condition  of  the  other  struc- 
tures of  the  eye  does  not  contraindicate  it,  the  operator  may  proceed 
with  reasonable  assurance  of  success. 

Limitation  of  the  power  of  accommodation  is  a  well-recognized 
symptom  not  infrequently  met  with  in  even  mild  cases  of  diabetes, 
and  the  early  development  of  presbyopia  should  always  lead  to 
examination  of  the  urine.  This,  as  well  as  the  occasional  mydriasis, 
is  attributed  by  some  to  the  general  muscular  weakness,  by  others  to 
a  peripheral  neuritis  or  to  hemorrhages,  while  still  others  consider 
that  it  is  due  to  toxic  substances  circulating  in  the  blood. 

Diabetic  myopia  has  been  reported  from  time  to  time,  and  while  in 
some  instances  it  is  apparently  due  to  other  causes,  in  a  large  pro- 
portion of  cases  it  is  probably  due  to  swelling  of  the  crystalline  lens 
in  the  early  stages  of  a  diabetic  cataract.  Myopia  developing  in' 
patients  past  forty  or  fifty  years  of  age  should  always  suggest  an 
examination  of  the  urine. 

One  case  of  acquired  hypermetropia  was  reported  by  Horner'  in  a 
patient_  fifty-five  years  of  age  who  had  severe  diabetes.  The  hyper- 
metropia diminished  when  the  diabetic  condition  improved  under 
treatment.  Tliis  case  seems  to  be  unique,  and  is  difficult  to  account 
for. 

Retinitis,  while  seldom  seen  early  in  the  course  of  diabetes,  is  of 
frequent  occm-rence  in  the  termmal  stages,  presenting  itself  in  an 
exudative  or  hemorrhagic  form,  or  with  exudations  and  hemorrhages 
combined.  Appearing  at  a  period  in  the  com-se  of  the  cUsease  when 
degenerative  changes  in  the  vessel  walls  are  present  in  other  parts 
of  the  body,  as  well  as  in  the  eye,  it  is  not  strange  that  the  glycosuric 
form  is  sometimes  seen  in  association  with  albuminuric  retinitis.  In 
the  exudative  form  there  are  apt  to  be  small,  light,  shining  patches 
with  minute  hemorrhages,  but  swelling  of  the  retina  and  involvement 
of  the  nerve  are  not  characteristic,  as  in  albuminuria.  Hemorrhages, 
either  in  the  small  punctate  form  or  larger  and  of  sufficient  extent 
to  lead  to  the  formation  of  vitreous  opacities,  are  frequently  seen. 
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Several  writers  have  reported  cases  of  hemorrhagic  glaucoma  and 
while  small  hemorrhages  are  seen  frequently  m  cases  which  yield  tor 
a  time  to  treatment,  extensive  retinal  hemorrhages  of  diabetic  origin 
are  of  the  gravest  prognostic  significance.  ^  ^  a  a-  \ 

Among  the  rarer  results  of  diabetes  we  sometimes  have  choked  disk, 
neuritis,  and  neuroretinitis,  wth  secondary  atrophy. 

Amblyopia  and  amaurosis,  which  are  referred  to  elsewhere,  are  also 
occasionally  seen  in  the  course  of  diabetes.  With  such  amblyopia 
we  may  find  central  scotoma  for  red.  _      r  u  + 

Diabetes  Insipidus.  As  a  result  of  or  associated  with  diabetes 
insipidus,  a  number  of  writers  have  reported  hemianopsia,  epileptoid 
attacks,  optic  neuritis,  and  symptoms  of  cerebral  tumor;  but  it  is 
probable,  as  Knies  has  suggested,  that  in  these  cases  the  polyuria  was 
only  an  incidental  effect  of  a  lesion  in  the  floor  of  the  fourth  ventricle, 
which  was  the  real  cause  of  the  symptoms  referred  to.  _  _ 

Hemorrhagic  retinitis  is  said  to  have  been  found  in  diabetes  in- 
sipidus. .    «  .     N     -n  1  • 

Graves'  or  Basedow's  Disease  (Exophthalmic  Goitre).  Palpi- 
tation or  irregular  action  of  the  heart,  enlargement  of  the  thyroid 
gland,  and  protrusion  of  the  eyeballs  are  the  characteristics  of  this 
disease,  although  in  the  early  stages  one  or  more  of  these  symptoms 
may  be  absent.  In  well-marked  cases  the  diagnosis  will  force  itself 
upon  the  most  unobserving,  but  it  is  in  the  early  stages  and  atypical 
cases  that  its  recognition  is  of  the  greatest  value. 

Actual  protrusion  of  the  eyeballs  in  advanced  cases  is  a_  most 
marked  symptom;  but,  as  the  writer  has  had  occasion  to  verify  by 
actual  measurement  in  a  number  of  instances  in  mild  cases,  this  is 
often  only  apparent.  Stellwag  has  described  the  persistent  slight 
retraction  of  the  upper  lids,  and  von  Graefe  the  lagging  of  the  upper 
lid,  which  is  often  observed  in  looking  downward.  This  latter,  von 
Graefe's  symptom,  wliich  may  for  a  long  time  be  the  only  symptom 
of  the  cUsease,  was  absent  only  twelve  times  in  six  hundred  and 
thirteen  cases  investigated  by  Sharkey.'  The  retraction  oi  the  lids, 
which  is  so  constant  an  effect  of  the  instillation  of  cocaine,  and  to 
which  Koller  has  called  attention,  suggests  the  early  stages  of  Graves' 
cUsease,  and  apparently  is  due  also  to  a  direct  stimulation  of  the 
sympathetic  nerves  supplying  the  orbital  muscles. 

The  extreme  protrusion  of  the  eyeballs  seen  in  advanced  cases 
is  attributed  by  some  authorities  to  spasmodic  contraction  of  the 
unstriped  muscular  fibres  found  in  the  orbit,  but  the  majority  of 
writers  refer  it  to  dilatation  of  the  orbital  arteries  producing  an  undue 
development  of  the  fatty  and  connective  tissue.  It  is  a  significant 
fact,  however,  that  the  exophthalmos  often  diminishes  after  death. 

The  most  serious  consequences  so  far  as  the  eye  is  concerned  some- 
times result  from  exposure  of  the  cornea  due  to  this  protrusion  of 
the  eyeball,  which  may  not  be  closed  even  during  sleep,  and  these 
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seem  to  be  the  more  serious  the  more  rapidly  the  eye  is  pressed  for- 
ward. _  Corneal  ulcers,  resulting  in  nebula  or  going  on  to  sloughing, 
sometimes  occur,  and  yield  only  when  they  are  recognized  eariy  and 
treated  with  the  greatest  care  by  thoroughly  suturing  the  lids,  and 
thus  affording  protection. 

Rarely  diplopia  and  even  marked  paralysis  of  one  or  more  of  the 
external  ocular  muscles  has  been  observed,  and  sometimes  there  is 
severe  pain  in  the  eyes,  with  profuse  scalding  lacrymation. 

The  pupils  respond  well  to  direct  illumination  and  contract  on 
convergence,  although  moderate  dilatation  and  irregularity  are  some- 
times observed. 

Auscultation  over  the  orbit  sometimes  will  elicit  a  distinct  vascular 
murmur,  similar  to  the  placental  bruit. 

Exophthalmos,  while  generally  seen  on  both  sides,  is  not  very  infre- 
quently unilateral,  and  often  varies  in  degree  in  the  two  eyes,  and 
Knies  calls  attention  to  Hack's^  interesting  observation  that  the 
exophthalmos  on  one  side  has  been  known  to  disappear  after  the 
nmcous  membrane  of  the  nose  on  that  side  had  been  cauterized;  and 
Bolose'  has  obtained  the  same  result.  A  few  other  similar  cases 
have  been  reported,  but,  as  Knies  remarks,  they  are  exceptional. 

Iritis  is  not  uncommon  in  severe  cases,  and  epiphoria  often  is 
marked.  Nystagmus  and  tremor  of  the  eyelids  are  sometimes  ob- 
served, and  a  degree  of  corneal  insensibility  is  of  frequent  occurrence, 
which,  as  Knies  has  remarked,  accounts  for  the  infrequency  of  the 
winking  movements  in  many  cases  of  Graves'  disease. 

Atrophy  has  at  times  been  observed  in  extreme  cases  as  a  result 
of  stretching  of  the  optic  nerves,  but  ophthalmoscopic,  findings  are 
rare,  consistmg  of  pulsation  of  the  retinal  veins  and  rarely  of  the 
arteries. 

As  severe  cases  of  Graves'  disease  are  apt  to  be  accompanied  by 
antemia  and  neurasthenia,  it  is  natural  that  with  headache  and  vertigo 
we  should  often  find  all  of  the  direct  and  reflex  symptoms  which 
accompany  muscular  and  ciliary  asthenopia  due  to  other  causes, 
especially  if  there  is  a  coexisting  error  of  refraction.  In  Graves' 
disease  the  visual  fields  are  at  times  concentrically  contracted,  while 
the  central  vision  and  color  sense  may  or  may  not  be  impaired. 

Goitre,  owing  to  pressure  upon  the  veins  of  the  neck,  at  times 
causes  disturbance  in  the  vascular  structures  of  the  eyes  by  venous 
stasis.  _  The  author  has  seen  one  case  in  which  he  was  convinced  of  a 
causative  relation  existing  between  goitre  and  a  central  choroido- 
retinitis. 

General  glandular  enlargement,  or  polyadenitis,  has,  at  least  in 
one  instance  reported  by  Konigstein,  been  accompanied  by  a  number 
of  small  tumefactions  along  the  optic  nerve  and  the  motor  oculi, 
with  extensive  neuroretinitis  and  total  unilateral  ophthalmoplegia 
externa. 
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DISEASES  OF  THE  DIGESTIVE  SYSTEM. 

Diseases  of  the  intestinal  tract  and  the  associated  organs  are  not 
infrequently  the  cause  of  diseases  of  the  eyes,  although  undoubtedly 
their  importance  in  this  connection  has  at  times  been  exaggerated. 
This  is  especially  true  of  the  disorders  appearing  during  the  period  of 
dentition,  to  which  all  the  ills  of  infancy  are  attributed  so  frequently. 

Dm-ing  the  period  of  eruption  of  the  deciduous,  and  less  frequently 
of  the  permanent,  teeth,  and  later  as  a  result  of  the  various  forms 
of  caries  and  other  diseases  producing  irritation  of  the  terminal  fila- 
ments of  the  fifth  nerve,  we  may  have  most  marked  reflex  symptoms 
of  the  eyes;  but,  as  suggested  above,  in  their  zeal  for  finding  a  plaus- 
ible explanation  of  obscure  phenomena,  both  physicians  and  parents 
often  seem  to  forget  that  there  is  such  a  thing  as  coincidence  without 
the  relation  of  cause  and  effect.  Neurotic  manifestations,  such  as 
nictitation,  mydriasis,  myosis,  relaxation,  and,  more  frequently,  spasm 
of  accommodation,  and  even  disturbances  of  the  extei'nal  ocular  mus- 
cles, such  as  insufficiency  leading  in  some  cases  to  diplopia,  are  un- 
doubtedly relieved  at  times  by  the  removal  or  treatment  of  a  carious 
tooth.  Whether  these  symptoms  are  clue  to  a  true  reflex  irritation, 
or  the  result  of  a  lack  of  sufficient  innervation  during  the  existence  of 
pain  in  the  tooth,  must  be  determined  by  a  study  of  each  case. 

The  writer  was  strongly  impressed  with  the  importance  of  this  asso- 
ciation by  the  result  obtained  in  the  case  of  a  patient  who,  after 
general  medicinal  treatment  extending  over  a  period  of  many  months, 
was  completely  relieved  of  the  most  distressing  symptoms  of  dys- 
pepsia accompanied  by  gaseous  distention  and  insomnia,  by  the 
adjustment  of  a  2°  prism  base  in  on  each  eye,  for  the  correction  of 
insufficiency  of  the  internal  recti.    This  relief  continued  for  almost 
a  year,  when,  without  other  cause  which  he  could  discover,  he  found 
the  symptoms  all  returning,  and,  as  the  most  critical  examination 
failed  to  reveal  a  change  m  either  the  refraction,  presbyopia,  or 
muscular  balance,  it  seemed  that  we  had  exhausted  our  resources. 
The  patient  was  a  man  of  fifty  years  of  age,  an  attorney  in  active 
practice,  who  spent  his  days  in  office  work  and  his  evenings  in  reading, 
and  the  failure  to  obtain  relief  was  making  him  most  unhappy,  when 
a  friend  suggested  to  him  that  it  would  be  well  to  give  attention  to 
a  defective,  "  ulcerated"  tooth  which  was  causing  him  so  little  annoy- 
ance that  my  attention  had  not  been  called  to  it.    This  he  did,  and 
on  the  removal  of  the  source  of  the  dental  irritation  the  gastric  symp- 
toms at  once  and  permanently  disappeared.    This  case  illustrates 
most  completely  the  general  principle  that  dental  disease  and  asthen- 
opia resulting  from  muscular  imbalance,  two  absolutely  different 
conditions,  but  in  both  of  which  the  terminal  filaments  of  the  fifth 
nerve  are  involved,  may  produce  the  same  group  of  reflex  nervous 
symptoms  in  a  remote  organ. 

Iritis,  keratitis,  phlyctenulaj,  and  even  glaucoma  have  been  attrib- 
uted to  disease  of  the  teeth ;  and  it  is  undoubtedly  the  case  that  an 
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alveolar  abscess,  with  or  without  involvement  of  the  antrum  of  High- 
more,  may  give  rise  to  mfectious  processes  in  the  orbit,  lids,  and 
eyeball,  although  such  a  relation  is  of  rare  occurrence. 

Serious  gastric  and  gastro-intestinal  disease  leads  frequently  to 
anaemia  and  other  general  diseases,  which,  ha  turn,  cause  most  marked 
(icular  symptoms;  but  these  will  be  dealt  with  elsewhere.  In  all  forms 
of  gastro-intestinal  disorders  accompanied  by  violent  vomiting  the 
conjunctiva,  retina,  or  choroid  may  be  the  seat  of  hemorrhage.  This 
is  a  source  of  real  danger,  especially  m  those  with  defective  vessel 
walls,  after  operations  involving  section  of  the  eyeball,  and  should 
be  a  strong  reason  for  the  avoidance  of  general  anaesthesia,  where 
practicable,  in  such  cases. 

An  irritable  state  of  the  raucous  membrane  of  the  digestive  tract 
is  seen  often  in  children  in  association  with  phlyctenular  conjmictivitis 
and  keratitis,  and  the  correction  of  errors  of  diet  and  regulation  of  the 
alimentary  secretions  are  followed  by  such  immediate  improvement 
that  one  naturally  is  inclined  to  believe  that  there  is  some  association 
between  the  disease  of  the  eyes  and  that  of  the  alimentary  tract 
more  intimate  than  would  be  indicated  by  the  gradual  improvement 
in  the  nutritive  processes  following  such  management  and  treatment. 

Vascular  engorgement  due  to  constipation  and  the  consequent 
straining  at  stooj  may,  in  those  with  weakened  vessel  walls,  lead  to 
conjunctival,  orbital,  retinal,  or  choroidal  hemorrhages;  and,  according 
to  B(M-ger,  prolonged  constipation  as  well  as  clii-onic  diarrhoea  have 
been  assigned  as  a  cause  of  acute  glaucoma.  He  also  calls  attention 
to  the  fact  that  prolonged  diarrhea,  as  in  dysentery,  may  result  in 
marked  enfeeblement  of  accommodation,  and  that  m  the  chronic 
diarrhoea  of  infancy  the  addition  of  an  element  of  mfection  to  the 
systemic  depletion  leads  at  times  to  keratomalacia. 

In  disease  of  the  liver  accompanied  by  jaundice,  the  discoloration 
of  the  conjimctiva  is  often  noted  before  the  skm  is  stained,  and  may 
remain  after  the  skin  has  cleared. 

Hemeralopia,  subjective  yellow  vision,  analogous  to  that  of  san- 
tonm-poisoning,  torpor  of  the  retma,  and  even  keratitis,  may  also 
result  from  hepatic  disease,  and  in  acute  yellow  atrophy,  retinal 
hemorrhages,  due  to  septic  substances  in  the  blood,  are  not  uncommon 
(Knies).  Landolt  believes  that  we  may  trace  a  more  or  less  definite 
relation  as  existing  between  cirrhosis  of  the  liver  and  pigmentary 
retinitis,  as_  well  as  hemeralopia  without  pigmentation. 

Scintillating  scotoma  and  ocular  migraine,  which  are  considered 
elsewhere,  are  often  associated  with  and  apparently  dependent  upon 
torpor  of  the  lower  bowel,  and  other  disorders  of  the  digestive  system. 

The  peculiar  yellowish  plates  m  the  skin  of  the  eyelids,  known  as 
xanthoma  palpebrarum,  are  associated  frequently  with  disease  of  the 
liver;  and  Foerster,  Seegen,  and  Hlawatschek  report  cases  of  failure 
of  accommodation  and  equatorial  lenticular  opacities  due  to  the  same 
cause.  Intestinal  parasites,  as  is  well  known,  often  cause  dilatation 
of  the  pupils  and  other  reflex  ocular  symptoms. 
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DISEASES  OF  THE  RESPIRATORY  TRACT. 

Diseases  of  the  nose  and  pharynx  are  not  infrequently  the  cause 
of  disease  of  the  eyes,  and  unless  this  fact  is  borne  in  mind,  treat- 
ment is  often  unavailing.  In  many  cases  a  source  of  irritation  in 
the  nose  will  produce  reflex  symptoms  in  the  eyes  which,  although 
they  may  not  lead  to  organic  disease,  are  still  most  distressing.  In 
other  instances  well-defined  organic  lesions  are  produced,  although 
this  is  not  of  as  frequent  occurrence  as  would  be  inferred  from  the 
amount  of  literature  on  the  subject.  In  this,  as  in  many  other 
departments  of  medicine,  there  is  a  curious  discrepancy  between  the 
opinions  expressed  by  Continental  and  by  American  observers.  The 
former  are  disposed  to  discredit  many  of  the  reported  cures  of  eye 
disease  by  the  removal  of  sources  of  reflex  u-ritation  by  operation  and 
treatment  of  the  nose. 

A  spm-  on  the  septum  or  a  septum  so  deflected  as  to  have  its  convex 
surface  in  contact  with  the  adjoining  turbinated  body,  hypertrophy 
of  the  middle  or  even  of  the  inferior  turbinated  body,  or  any  other 
form  of  nasal  disease  or  deformity  which  may  be  accompanied  by 
hyperesthesia  of  the  mucous  membrane  of  the  nose,  may  produce 
reflex  symptoms  in  the  eyes.  These  may  cause  pain  and  photo- 
phobia, lacrymation,  persistent  or  recurring  conjunctival  and  ciliary 
injection,  blepharospasm,  accommodative  or  muscular  asthenopia, 
limitation  of  the  visual  field,  amblyopia,  and  in  those  who  are  pre- 
disposed, may  even  excite  glaucoma.  Cheatam  and  Lennox  Browne 
have  reported  cases  of  glaucoma  in  which  nasal  irritation  served  as 
an  exciting  cause. 

The  intimate  association  existing  between  the  nasopharyngeal  cavi- 
ties and  the  various  structures  within  the  orbit,  including  the  eye, 
is  well  illustrated  by  the  temporary  concentric  narrowing  of  the  visual 
field  which  in  a  number  of  instances  has  been  known  to  follow  the 
use  of  the  galvanocautery  in  treating  diseases  in  the  nasal  cavities. 
Knies  considers  this  as  a  form  of  traumatic  hysteria,  and  mentions 
the  fact  that  similar  symptoms  may  result  from  other  painful  pro- 
cedures in  the  neighborhood  of  the  eye,  but  this  explanation  is  scarcely 
consistent  with  the  results  reported  by  Hack '  and  Hopmann,^'  in 
which  Graves'  disease  was  cured  by  the  application  of  the  galvano- 
cautery to  the  nasal  mucous  membrane. 

Rhinitis  in  its  various  forms,  especially  those  associated  with  active 
infective  processes,  is  among  the  most  frequent  causes  of  disease  of 
the  conjunctiva  and  cornea,  and,  while  the  nasal  duct  is  the  usual 
channel  of  communication,  it  is  by  no  means  impossible  for  germs 
or  their  products  to  be  conveyed  from  the  nose  to  the  eyes  by  other 
means. 

That  it  is  possible,  on  the  other  hand,  for  fluids  containing  infec- 
tious material  to  be  communicated  from  the  eye  to  the  nose  is  well 

1  Deutsche  med.  Woch.,  18S6,  No.  25.  =  .ralir.  f.  Augenhellk.,  1885,  p.  473. 
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established.  And,  although,  because  of  tumefaction  of  the  mucous 
membrane  in  infectious  diseases  of  the  conjmictiva,  the  duct  is  often 
occluded,  it  is  probable  that  such  material  not  infrequently  passes 
into  the  nasal  cavity  with  the  tears,  there  to  be  rendered  less  potent 
by  the  secretions  from  the  nasal  mucous  membrane. 

The  ease  with  which  fluids  may  reach  the  nose  and  nasopharynx 
should  always  be  borne  in  mind  when  using  mydriatics  and  other 
substances  in  the  conjmictival  sac;  and  it  should  also  be  remembered 
that  solutions  of  atropine,  as  they  must  frequently  be  used  in  the 
treatment  of  iritis,  contain  in  the  amount  instilled  far  more  than 
the  usual  pharmacopoeial  dose  of  that  remedy,  and  it  is  probable 
that  a.  larger  proportion  is  absorbed  than  is  the  case  when  adminis- 
tered by  the  mouth  in  therapeutic  doses. 

Transmission  of  disease  through  the  nasal  duct  from  the  conjunc- 
tival sac  to  the  nose  is  certainly  extremely  rare,  but  Knies  mentions 
lupus  and  epithelioma  as  having  been  so  transmitted. 

In  acute  catarrhal  conjunctivitis  the  nasal  mucous  membrane  sel- 
dom becomes  secondarily  involved;  but,  on  the  other  hand,  the  con- 
junctiva seldom  escapes  in  an  acute  coryza,  while  in  the  chronic 
forms  of  rhinitis  the  lacrymal  sac  or  conjunctiva  is  very  prone  to 
be  affected  at  some  period,  especially  during  acute  exacerbations 
and  in  the  atrophic  stage,  when  crusts  form  neai-  the  nasal  orifice  of 
the  duct.  Syphilitic  coryza  is  seldom  transmitted  by  this  channel, 
but  Knapp  has  described  a  case  of  lupus  of  the  nasal  cavity  which 
produced  tubercular  conjunctivitis.  In  many  of  the  infectious  dis- 
eases which  affect  both  tlie  conjunctiva  and  the  nasal  mucous  mem- 
brane there  seems  to  exist  no  evidence  that  there  has  been  trans- 
mission from  one  to  the  other.  Even  in  the  case  of  diphtheria  and 
croup  in  which  the  nasal  and,  mucli  more  rarely,  the  conjunctival 
mucous  membrane  are  involved,  there  seems  to  exist  no  proof  that 
the  path  of  the  infection  has  been  through  the  nasal  duct. 
;  Adenoid  vegetations  in  the  vault  of  the  pharynx,  and  hypertroi^hy 
of  the  pharyngeal  tonsils,  are,  especially  in  children,  frequently  found 
bearing  a  causative  relation  to  diseases  of  the  eyes.  There  seems  to 
exist  a  somewhat  intimate  relation  between  these  gro\\i:hs  with  their 
associated  conditions,  and  phl3^ctenular  conjunctivitis  and  keratitis. 

Disease  of  the  frontal,  ethmoidal,  and  sphenoidal  sinuses  due  to 
inflammation  of  their  lining  membrane  or  occlusion  of  their  outlet, 
accompanied  by  the  accumulation  of  serous,  mucous,  or  purulent 
fluid,  or  the  formation  of  granulation  tissue  or  various  forms  of 
tumors,  may  all  most  profoundly  affect  the  eyes,  and  for  long  periods 
the  nature  of  the  trouble  may  escape  detection. 

Supra-orbital  or,  more  rarely,  infra-orbital  neuralgia,  pressure  symp- 
toms, and  reflex  phenomena,  displacement  of  the  eyeballs  with  ptosis, 
and  disturbed  relations  of  the  extrinsic  ocular  muscles,  may  occur: 
and  in  the  early  stages,  before  the  development  of  marked  protrusion, 
the  writer  has  in  two  instances  seen  on  ophthalmoscopic  examination 
a  peculiar  parallel  striation  of  the  retina. 
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AVlien  erosion  or  marked  inflammation  of  the  bony  walls  of  the 
orbit  is  present,  we  may  have  an  orbital  cellulitis  or  abscess  accom- 
panied by  chemosis  and  interference  with  corneal  nutrition,  and  con- 
sequent sloughing.  If  the  sphenoidal  sinus  is  involved  to  such  a  degree 
as  to  cause  necrosis  of  its  walls,  we  are  apt  to  have  first  disturbance 
of  the  visual  field,  and  later  paralysis  of  the  external  ocular  muscles, 
and  blindness,  from  disease  of  the  optic  nerve,  chiasm,  or  tract. 

Diseases  of  the  ear,  which  may  properly  be  considered  in  connec- 
tion with  the  superior  respiratory  tract,  may  in  rare  instances  produce 
eye  symptoms.  As  illustrations  of  reflex  nervous  phenomena  may 
be  mentioned  blepharospasm,  which  sometimes  occurs  on  irritation 
of  the  external  auditory  meatus,  and  the  nystagmus  which  Pfliiger 
observed  on  compressing  a  j^olypus. 

Mastoid  disease  or  operations  for  its  relief  may  cause  lagophthal- 
mos  by  partial  or  complete  paralysis  of  the  facial  nerve,  although  the 
operative  form  often  recovers.  When  meningitis  or  cerebral  abscess 
occurs,  we  may  have  the  usual  results  in  paralysis  of  the  external 
ocular  muscles,  optic  neuritis,  etc. ;  and  Kipp^  and  Pomeroy^  have 
reported  three  cases  of  metastatic  panophthalmitis  in  purulent  otitis 
media. 

Diseases  of  the  larynx,  trachea,  and  bronchial  tubes  are  not  often 
associated  with  disease  of  the  eyes,  although  a  number  of  curious  reflex 
phenomena  are  often  observed,  such  as  dilatation  of  the  left  pupil 
accompanying  infiltration  of  the  apex  of  the  left  lung,  and  the  sneezing 
produced  by  opening  the  eyes,  especially  in  cases  of  conjunctivitis 
and  keratitis. 

Bronchitis  and  pneumonia  may  be  accompanied  by  herpes  of  the 
cornea;  and  the  dyspnoea  of  emphysema  is,  as  Knies  has  pointed  out, 
accompanied  by  stasis  in  the  retinal  veins,  and  at  times  conjunctival 
and  retinal  hemorrhages.  Schmall  has  often  seen  injection  of  the 
fundus,  and  reports  five  cases  of  visible  arterial  pulsation  in  phthisis. 
Neuroretinitis  has  been  reported  in  association  with  pneumonia;  and 
Gowers  describes  a  case  of  intense  febrile  bronchial  catarrh  with 
marked  cyanosis,  which  was  accompanied  by  neuroretinitis  with  enor- 
mous extravasations,  many  of  which  were  regularly  arranged  and 
situated  upon  the  smaller  veins.  The  writer  has,  on  the  other  hand, 
seen  a  fatal  apparently  metastatic  pneumonia  develop  in  the  course 
of  panophthalmitis  following  gonorrhoeal  ophthalmia. 

DISEASES  OF  THE  CIRCULATORY  SYSTEM. 

Diseases  of  the  circulatory  system  manifest  themselves  in  the 
eye  by  hyperemia,  anasmia,  oedema,  hemorrhage,  and  the  results  of 
hemorrhage  in  the  conjunctiva,  uveal  tract,  nerve,  and  retina;  and 
when  the  blood  is  modified  by  disease  or  is  the  bearer  of  effete  material 


•  American  Journal  of  the  Medical  Sciences,  April,  1884. 
2  New  England  Medical  Monthly,  January,  1889. 
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or  toxins  generated  in  other  portions  of  the  body,  we  may  have  also 
emboUsm,  thrombosis,  and  various  forms  of  exudate  within  the  cho- 
roid and  retina.  Tlie  peculiar  anatomical  arrangement  of  the  circu- 
lation within  the  eye  should  be  borne  in  mind.  Its  supply  of  blood 
is  derived  from  both  the  internal  and  external  carotid  arteries.  The 
free  anastomosis  of  these  two  systems  and  the  communication  with 
the  opposite  side  of  the  brain  are  such  as  to  provide  well  for  its  nutri- 
tion, even  when  serious  obstruction  exists  in  some  of  the  large  vessels. 
Especial  attention  should  be  directed  to  the  large,  freely  anasto- 
mosing arterial  and  venous  trunks  of  the  tunica  vasculosa  of  the 
choroid,  overlaid  by  the  chorio -capillaris,  which  affords  nutrition  to 
the  layer  of  rods  and  cones,  or  epithelial  layer,  while  the  terminal 
system  made  up  of  the  central  retinal  artery  and  vein  with  their 
branches  supplies  the  inner  or  "brain  layer"  of  the  retina. 

While  there  has  been  in  the  past  a  tendency  to  expect  too  much 
of  the  ophthalmoscopic  appearance  of  the  vascular  system  of  the  eye 
in  interpreting  the  phenomena  of  the  general  vascular  system,  and 
especially  the  conditions  existing  within  the  cranial  cavity,  and  while 
its  limitations  as  an  index  of  these  conditions  should  constantly  be 
borne  in  mind,  the  fact  remains  that  when  properly  interpreted  they 
are  of  the  utmost  value. 

In  estimating  the  value  of  ocular  manifestations,  a  sharp  distinction 
should  be  drawn  between  those  conditions  observed  in  the  retina  which 
are  associated  with  evidences  of  disease  of  the  blood  itself,  with 
the  accompanying  degeneration  of  the  vessel  walls,  and  those  due 
merely  to  alterations  in  blood  volume  and  blood  pressure.  The  pecu- 
liar conditions  of  the  circulation  within  the  eyeball,  modified  as  they 
are  by  the  non-elastic  sclerotic  coat,  and  by  the  admirable  arrangement 
by  which  under  ordinary  circumstances  the  large  trunks  of  the  choroid 
serve  to  regulate  the  pressure  upon  the  visible  retinal  circulation,' 
renders  it  impracticable,  as  has  been  attempted,  to  use  the  retinal 
circulation  as  a  means  of  gauging  the  blood  pressure  in  the  vascular 
system  generally,  or  even  in  that  of  the  brain. 

General  anaemia  may  be  accompanied  by  more  or  less  hypersemia 
of  the  eyes,  and  it  is  only  in  extreme  cases  that  variations  of  blood 
pressure,  so  easily  recognized  in  other  portions  of  the  vascular  system, 
can  be  properly  interpreted  by  means  of  the  ophthalmoscope. 

Hypersemia  of  the  conjunctiva  may  be  present  as  a  local  manifes- 
tation where  there  is  a  corresponding  condition  of  the  general  circu- 
lation due  to  various  diseases,  but  it  is  not  a  very  consistent  sign, 
as  many  cases  of  most  obstinate  conjunctival  h5'^perfemia  accompanj'^ 
general  antemia.  Hypera-mia  of  the  retina  and  optic  nerve  is  not 
apt  to  be  found  as  the  result  of  general  plethora,  but  is  more  fre- 
quently of  the  passive  form,  and  accompanies  such  obstructive  con- 
ditions as  asthma  and  emphysema,  and  such  heart  lesions  as  induce 
venous  stasis. 


'  It  is  probably  to  a  disturbance  of  this  delicate  bnlance  that  many  of  the  phenomena  of  glaucoma 
are  owing. 
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The  eye  is  far  better  able  to  protect  itself  against  the  ill  effects 
of  a  sudden  increase  of  blood  pressure  than  against  sudden  diminu- 
tion of  pressure,  although  it  is  an  extremely  rare  occurrence  to  have 
retinal  hemorrhage  or  other  permanent  retinal  disease  as  a  result  of 
either,  unless  there  is  some  disease  of  the  walls  of  the  bloodvessels. 

The  acute  anemia  due  to  extensive  hemorrhage  is  only  in  rare 
instances  followed  by  disease  of  the  eyes.  Fries'  was  able  to  find 
the  record  of  only  106  cases  that  have  occurred  during  the  past  two 
hundred  and  thirty-five  years;  and  of  these,  it  is  probable  that  many 
occm-red  among  those  having  some  form  of  disease  of  the  bloodvessels. 
Sixty  per  cent,  were  from  gastric,  intestinal,  and  uterine  hemorrhage, 
25  per  cent,  from  artificial  abstraction  of  blood,  7  per  cent,  from 
epistaxis,  5  per  cent,  from  wounds,  and  only  1  per  cent,  from  pul- 
monic hemorrhage. 

That  serious  disease  of  the  eyes  results  only  in  the  rarest  instances 
from  extensive  hemorrhage  in  individuals  with  healthy  bloodvessels 
is  apparent  when  we  recall  the  enormous  number  of  instances  of 
profuse  hemorrhage  occurring  as  the  result  of  traumatism,  especially 
during  mihtary  engagements,  and  note  the  extreme  infrequency  of 
disease  of  the  eyes  as  a  result.  Not  a  single  case  is  recorded  as  having 
occurred  dming  the  Franco-Prussian  War  of  1870-71.  When  amau- 
rosis and  amblyopia  do  occur  as  the  result  of  extensive  loss  of  blood, 
it  is  usually  after  several  days  have  intervened,  and  it  seems  to  be 
due  to  hemorrhage  into  the  optic  nerve,  resulting  from  fatty  degen- 
eration of  the  vessel  walls  consequent  upon  disturbance  of  nutrition 
from  insufficient  supply  of  blood  (Knies). 

From  the  above  statistics  it  is  apparent  that  extensive  hemorrhage 
from  the  stomach,  bowels,  and  uterus  is  a  real  source  of  danger  to 
vision;  and,  having  in  mind  this  danger  and  the  weakened  state  of 
the  bloodvessels,  the  physician  will  naturally  insist  upon  the  recum- 
bent posture,  and  will  practise  intravenous  injections  or  adopt  such 
other  measures  as  may  tend  to  restore  the  equilibrium  of  the  vascular 
system.  . 

In  aortic  insufficiency  the  rhythmical  reddening  and  bleaching 
sometimes  observed  in  the  finger-nails  may  be  apparent  in  the  optic 
disk  (Jaeger),  and  pulsation  of  the  arteries  in  harmony  with  the 
radial  pulse  is  also  generally  seen  (Haab). 

Other  cardiac  diseases  occasionally  affecting  the  eye  are  mitral 
insufficiency,  dilatation  of  the  heart,  and  fatty  degeneration.  The 
latter  disease  is  often  only  one  manifestation  of  a  general  process,  of 
which  one  of  the  features  is  disease  of  the  ocular  vessels. 

Among  the  diseases  of  the  vascular  system  which  sometimes,  although 
rarely,  affect  the  eyes  may  be  mentioned  aneurism  of  the  aorta, 
arteriovenous  aneurism  of  the  internal  carotid  and  the  cavernous 
sinus,  producing  a  pulsating  exophthalmos,  and,  very  rarely,  aneurism 
of  the  ophthalmic  artery. 


1  Klin.  Monats.  f.  Augenheilk.,  1876. 
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In  aneurism  of  the  aorta  we  may  have  paralysis  of  the  sympathetic 
nerve,  which  leads  to  contraction  of  the  pupil  and  also  of  the  pal- 
pebral fissure  of  the  affected  side. 

A  local,  temporary  slowing  of  the  blood  current,  due  to  traumatism 
or  other  cause,  producing  a  thrombus  from  which  small  masses  may 
hvesk  away,  foreign  substances  in  the  bloodvessels,  and  endarteritis 
in  its  various  forms,  causing  fibrinous  deposits  on  the  vessel  walls 
or  the  valves  of  the  heart,  may  result  in  the  development  of  embolism 
of  the  central  artery  of  the  retma  or  one  of  its  branches.  In  some  six- 
teen cases  which  have  been  studied  anatomically  the  obstruction  was, 
in  most  instances,,  found  in  the  region  of  the  lamina  cribrosa  (Haab). 

In  those  portions  of  the  general  vascular  system  in  which  there 
is  free  anastomosis,  such  emboli,  even  if  they  find  lodgement,  may 
cause  only  very  slight  and  temporary  disturbance,  and  this  is  in 
large  measure  true  of  the  vessels  of  the  choroid;  but  in  the  retina, 
as  in  many  portions  of  the  cerebral  cortex,  we  have  one  of  the 
terniinal  systems  of  Cohnheim,  in  which  more  or  less  complete 
cutting  off  of  nutrition  occurs  in  the  area  supplied  by  the  obstructed 
vessel. 

Thrombosis  of  the  retinal  vessels  may  occur  as  a  complication  of 
inflammatory  and  especially  of  infectious  processes  in  the  orbit, 
whether  they  are  caused  by  erysipelas,  meningitis,  thrombosis  of  the 
cerebral  sinuses,  or  in  any  other  manner  (Haab).  They  may  involve 
both  the  arteries  and  veins,  and  are  apt  to  be  the  immediate  effect- 
of  stooping  or  straining  in  people  having  disease  of  the  bloodvessels. 

Unless  the  patient  is  seen  soon  after  the  accident  has  occurred  and 
the  case  is  studied  with  great  care,  it  is  in  many  instances  by  no 
means  easy  to  make  a  clear  distinction  between  embolism,  throm- 
bosis, and  endarteritis  obliterans.  The  presence  of  perivascular  infil- 
tration and  degeneration  accompanying  endarteritis,  and  visible  to 
the  ophthalmoscope,  is  indicative  of  thrombosis,  and  an  existing 
valvular  lesion  of  the  heart  is  characteristic  of  embolism. 

In  some  cases,  however,  as  in  several  which  have  been  observed 
by  the  writer,  the  sudden  occurrence  of  the  symptoms  and  the  oph- 
thalmoscopic picture  are  such  as  to  leave  no  room  for  doubt  as  to 
the  existence  of  an  embolism. 


DISEASES  OF  THE  URINARY  ORGANS. 

Albuminuria.  Among  the  diseases  usually  grouped  under  this  head, 
albuminuria  (Bright's  disease)  in  its  various  forms  is  by  far  the  most 
important,  and  the  one  in  which  eye  lesions  are  found  most  fre- 
quently. CEdema  of  the  integument  of  the  eyelids  of  a  temporary 
character  may  occur  at  a  very  early  period  in  nephritis;  but  per- 
manent oedema,  when  present,  usually  accompanies  oedema  in  the 
ankles  and  other  parts  of  the  body  as  a  late  manifestation. 

Cheraosis  or  oedema  of  the  conjunctiva  is  rare. 
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Among  the  intra-ocular  affections  due  to  albuminuria  we  have 
hyperamia  of  the  papilla  and  retina,  retinitis  with  the  characteristic 
white  spots  arranged  in  radiating  lines  about  the  macula,  neuritis, 
neuroretinitis,  and  even  choked  disk  with  hemorrhages,  especially,  m 
the  nerve-fibre  layer. 

Detachment  of  the  retina,  iritis,  and  hemorrhagic  glaucoma  have 
been  described  as  rare  conditions,  and  choroiditis  as  of  not  infre- 
quent occm-rence.  Changes  due  to  the  latter  disease  have  often  been 
found  on  autopsy;  but  the  lesions,  which  seldom  are  reported,  are 
probably  rendered  invisible  at  the  ophthalmoscopic  examination  by 
the  pigment  epithelium  (Knies).  Whitish  patches,  generally  m  the 
macular  region,  but  not  infrequently  in  other  portions  of  the  central 
retina,  accompanied  by  swellmg  of  the  nerve-fibre  layer  and,  at 
times,  by  small,  often  flame-shaped  hemorrhages,  are  the  charac- 
teristic retinal  manifestations  of  albuminuria  on  ophthalmoscopic 
examination. 

Extensive  hemorrhage  into  the  vitreous  is  seen  sometimes,  but  it 
is  of  rare  occurrence. 

Complete  blindness  is  very  rare,  seldom  occm-ring,  excepting  in  coin- 
cident uTEemic  amaurosis  or  in  atrophy  of  the  optic  nerve  and  detach- 
ment  of  the  retina.  Retinitis  is  not  an  early  symptom,  but  it  is  not 
infrequently  the  first  symptom  which  leads  to  a  correct  diagnosis. 
It  has  occasionally  been  the  experience  of  the  writer,  in  patients  having 
almost  normal  vision  and  using  their  eyes  quite  constantly,  to  find 
on  making  an  ophthalmoscopic  examination  that  the  central  fundus 
was  the  seat  of  extensive  retinal  infiltration.  In  these  cases  the  fovea 
has  escaped,  and  the  conducting  power  of  the  axis-cylinders  seemed 
to  be  unimpaired.  The  oedema  may  be  marked,  and  yet  the  rods 
and  cones  may  for  a  long  time  remain  undisturbed. 

The  disease  with  which  we  are  dealing  affects  the  bloodvessels 
mainly  as  a  sclerosis;  and  Knies  has  pointed  out  that  all  the  other 
lesions,  mcluding  the  hemorrhages,  oedema,  the  formation  of  folds, 
and  detachment  of  the  retina,  and  fatty  degeneration,  are  secondary 
to  these  changes  in  the  bloodvessels.  He  calls  attention  also  to  the 
fact  that  while  cUsease  of  the  choroidal  vessels  may  be  very  extensive 
without  giving  rise  to  such  nutritive  disturbances  as  are  seen  in  the 
retina,  it  is  because  in  the  choroid  we  have  a  collateral  supply,  while 
in  the  retina  the  arteries  are  end  arteries,  and  circulatory  disturbances 
are  not  compensated. 

There  is  marked  thickening,  especially  of  the  intima,  of  the  small 
arteries  and  capillaries;  and  while  in  the  latter  we  often  find  dilatation, 
in  the  former  small  dissecting  aneurisms  are  not  uncommon. 

Weeks  reports  a  case  of  hemorrhage  and  acute  glaucoma  occurring 
with  albuminuric  retinitis,  and  other  cases  have  been  recorded  proving 
that  acute  glaucoma  is  one  of  the  occasional  complications  of  this 
disease.  Bull  has  pointed  out  that  disease  of  the  walls  of  the  blood- 
vessels is  probably  the  connecting  link  between  these  two  conditions ; 
and  Gowers  states  that  in  some  cases  of  chronic  renal  disease  there 
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is  diminution  in  size  of  the  retinal  arteries  independently  of  the 
existence_  of  other  evidence  of  special  renal  disease. 

Albuniinm-ic  disease  of  the  retina  is  to  be  found  in  all  forms  of 
nephritis;  but  it  is  rare  in  the  large  white  kidney  of  parenchymatous 
nephritis,  in  the  stage  of  fatty  degeneration,  and  also  in  the  form 
characterized  as  waxy  kidney.  In  this  latter  form  Bull  has  pointed 
out  that  it  is  seen  only  when  the  waxy  degeneration  occurs  in  a 
contracted  kidney.  Although  not  uncommon  in  the  albuminuria  of 
pregnancy,  and  sometimes  seen  in  the  acute  forms  of  nephiitis,  such 
as  appear  as  a  complication  of  scarlatina,  all  observers  seem  to 'agree 
that  changes  in  the  retina  are  found  most  frequently  in  the  late  stages 
of  that  form  of  nephritis  which  is  accompanied  by  contracted  kidneys. 
They  make  their  appearance  when,  after  a  period  of  high  vascular 
tension,  elimination  is  beginning  to  fail,  but  are  by  no  means  always 
found  under  these  conditions. 

While  perhaps  somewhat  less  serious,  if  the  neplii-itis  is  of  the 
iorm  which  is  often  seen  in  acute  exanthematous  diseases  and  in 
pregnancy,  the  prognosis  is  always  grave,  or  at  least  doubtful,  the 
patients  often  dying  within  a  few  months  after  the  discovery  of  the 
retinitis. 

Knies,  in  speaking  of  the  more  chronic  forms  of  nephritis,  states 
that  life  IS  rarely  prolonged  more  than  one,  or  at  most  two  years 
alter  the  discovery  of  retinal  infiltration;  but  when  seen  among  those 
who  will  carefully  observe  the  hygienic  and  other  regulations  necessary 
under  such  circumstances,  it  has  not,  in  the  writer's  experience,  been 
uncommon  to  see  that  period  greatly  extended.  In  the  albuminuria 
ol  pregnancy,  threatened  loss  of  sight  from  neuroretinitis  is  a  strong 
indication  lor  the  induction  of  premature  labor. 

Though  generally  affecting  both  eyes,  unilateral  albuminuria  is 
observed  occasionally.    Bull  has  described  ten  cases. 

Lesions  of  the  retina  which  resemble  those  of  true  albmninuric 
retimtis,  undoubtedly  occur  as  a  result  of  profound  anamia,  leu- 
ka;mia,  and  diabetes,  and  in  some  forms  of  organic  disease  of  the 
brain,  as  well  as  in  a  certain  proportion  of  cases  of  what  is  termed 
cychcal  albuminuria;  but  it  is  well  in  these  cases  to  make  frequent 
tests  of  the  urine,  for,  as  is  well  known,  nephritis  may  coexist  with 
these  conditions,  and  albumin  be  absent  from  the  urine  for  a  con- 
siderable period.  While  rare,  paralyses  of  the  external  ocular  mus- 
cles are  seen  sometimes  in  this  disease,  occurring  as  the  result  of  a 
hemorrhage  in  the  region  of  the  nerve  roots  or  nuclei  (Knies). 

WitJi  ura?mic  amblyopia  or  amaurosis,  muscular  paralysis  may  at 
times  be  seen  in  the  last  stages.  These  are  not  necessarily  accompanied 
by  changes  in  the  retina.  When  uraimic  poisoning  occurs  in  acute 
nephritis,  as  in  that  of  pregnancy,  it  is  not  uncommon  to  find  that 
the  retina  has  undergone  no  change  whatever,  and,  in  fact,  it  has 
been  pointed  out  that  the  combination  of  uremic  amblyopia  and 
retinal  disease  is  comparatively  rare.  In  eclampsia  the  pupils  are 
generally  dilated,  and  the  external  ocular  muscles  often  take  part  in 
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the  convulsions.  Cataract  may  be  the  result  of  vascular  changes 
dependent  upon  nephritis. 

Oxaluria,  uric  acid  diathesis,  and  phosphaturia  have  each  m  rare 
instances  been  assigned  as  the  cause  of  eye  lesions,  but  it  may  well 
be  doubted  whether  the  changes  observed  in  the  eyes  were  properly 
to  be  attributed  to  these  conditions  or  to  some  other  unrecognized 
disease  on  which  they  in  turn  were  dependent. 

Hansell'  recorded  a  case  in  which  the  retinal  changes,  although  not 
quite  characteristic,  resembled  those  of  albuminuric  retinitis.  There 
was  failm-e  of  vision,  but  there  were  no  subjective  symptoms.  The 
abnormally  abundant  urine  contained  an  excess  of  phosphates,  but 
repeated  examination  revealed  no  albumin  or  sugar. 


DISEASES  OF  THE  SEXUAL  ORGANS. 

Much  has  been  written  on  the  effects  of  sexual  excesses,  espe- 
cially masturbation,  in  producing  disease  of  the  eyes,  and,  if  we  were 
to  be  influenced  by  the  extreme  views  of  many  otherwise  high 
authorities,  we  would  conclude  that  there  exists  some  peculiarly 
intimate  relation  between  the  eyes  and  the  sexual  organs.  If  such  a 
relation  exists,  its  importance  has  certainly  been  vastly  overestimated. 

Sexual  excesses  have  been  assigned  as  a  cause  of  atrophy  of  the 
optic  nerve,  but  it  is  doubtful  if  the  relation  of  cause  and  effect  has 
been  estabhshed. 

Conjunctival  hyperasmia,  catarrhal  inflammation,  impairment  of 
accommodation,  muscular  asthenopia,  and  even  serious  disease  of 
the  optic  nerve,  have  all  been  attributed  to  habitual  masturbation, 
both  in  male  and  female  patients. 

It  is  undoubtedly  the  case  that  a  degree  of  neurasthenia  often 
results  from  the  direct  and  indirect  effects  of  this  morbid  habit, 
Avhich  in  its  imn  serves  to  aggravate  asthenopic  conditions  due  to 
other  causes.  In  common  with  other  conditions  leading  to  vascular 
engorgement,  excessive  masturbation  as  well  as  venereal  excesses 
have  been  known  in  numbers  of  instances  to  serve  as  the  exciting 
cause  of  various  forms  of  intra-ocular  and  subconjunctival  hemorrhages 
when  the  vessel  walls  have  been  weakened  by  disease. 

Gonorrhoea,  which  might  for  some  reasons  be  classed  more  properly 
with  the  infectious  diseases,  is  treated  here  because  it  is  so  essentially 
a  disease  of  the  genital  mucous  membrane.  Ophthalmia  neonatorum 
and  gonorrhoeal  ophthalmia  in  the  adult,  with  the  resulting  destruc- 
tive keratitis,  are  the  well-known  eye  compHcations  of  this  disease. 

Metastatic  disease  of  the  eye  is  also  sometimes  seen  in  association 
with  gonorrhoea,  especially  with  gonorrhoeal  rheumatism  of  the  larger 
joints,  and  iritis  not  infrequently  accompanies  the  rheumatism  due 
to  this  disease.    Well-authenticated  cases  of  metastatic  gonorrhoeal 
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conjunctivitis,  with  intense  chemosis  and  scanty  non-purulent  secre- 
tion, but  without  destructive  corneal  complications,  have  been  re- 
ported. 

To  the  various  forms  of  disturbance  in  the  vascular  and  nervous 
systems  which  are  excited  by  abnormal  menstruation  are  properly 
attributed  a  large  group  of  ocular  affections,  and  in  a  still  larger 
number  of  instances  diseases  of  the  eyes  due  to  other  causes  are 
aggravated  by  such  disorders.  Patients  who  are  antemic,  chlorotic, 
or  "scrofulous,"  especially,  and  sometimes  those  free  from  such  con- 
tlitions,  show  a  marked  tendency  to  disease  of  the  eyes  dming  or 
immediately  prior  to  menstruation.  This  may  be  insignificant,  and 
manifest  itself  as  a  slight  oedema  of  the  lids,  or  by  the  appearance 
of  dark  lings  under  the  eyes,  or  it  may  be  that  conjunctival  hyper- 
annia  will  develop  or  well-defined  asthenopic  symptoms  present  them- 
selves. 

Given  a  tendency  to  herpetic  eruptions  of  the  lids  or  cornea,  to 
marginal  blepharitis,  styes,  phlyctenular  conjunctivitis  or  keratitis, 
or  even  iritis,  the  approach  of  the  menstrual  period,  especially  if 
there  be  dysmenorrhoea,  is  apt  to  be  accompanied  by  an  outbreak. 

In  nervously  susceptible  patients  a  variety  of  symptoms  of  an 
hysterical  character  may  present  themselves  at  the  menstrual  period, 
such  as  limitation  of  the  visual  fields  or  modification  of  the  color 
fields. 

Leber'  calls  attention  to  the  possibility  of  hemorrhages  into  the 
optic  nerve  during  menstruation  in  cases  in  which  the  vessels  are 
diseased,  and  Knies  mentions  cases  of  hemorrhages  into  the  con- 
junctiva, vitreous,  and  anterior  chamber. 

Attacks  of  anterior  uveitis  and  disseminated  choroiditis  and  cho- 
roidoretinitis  are  frequently  due  to  menstrual  disorders,  and  sudden 
suppression  of  the  menses  is  said,  in  some  instances,  to  have  produced 
hemorrhages  into  the  optic  nerve  and  its  sheath. 

Hemorrhagic  glaucoma  is  sometimes  seen  at  the  time  of  the  meno- 
pause. 

It  is  doubtful  whether  normal  pregnancy  and  normal  parturition 
in  a  healthy  woman  ever  are  accompanied  by  diseases  of  the  eyes;  but, 
as  in  menstruation,  a  pre-existing  disease  of  the  eyes,  a  systemic  con- 
dition, such  as  anaemia,  which  seriously  interferes  with  the  normal 
course  of  pregnancy,  or  any  of  the  numerous  accidents  which  may 
befall  the  patient  during  this  critical  period,  may  convert  what  should 
be  a  normal  physiological  process  into  a  prolific  source  of  disease  of 
the  eyes. 

In  a  nervously  susceptible  woman,  especially  if  she  is  anaemic  or 
is  the  subject  of  any  form  of  disease  which  impairs  her  vitality,  mus- 
cular or  accommodative  asthenopia  may  become  a  source  of  great 
discomfort,  and  if,  as  we  frequently  find,  there  exists  a  latent  error  of 
refraction  or  imbalance  of  the  external  ocular  muscles,  the  symptoms 
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are  aggravated  and  are  sometimes  most  distressing.  In  these  cases 
as  in  those  of  an  hysterical  nature,  such  as  temporary  blindness 
unaccompanied  by  organic  lesion,  and  contraction  of  the  visual  fields, 
we  should  attribute  the  disturbance  to  the  ansemia  or  other  systemic 
condition  upon  which  it  really  depends,  and  look  upon  the  pregnant 
state  as  merely  an  exciting  cause. 

The  eyes  bear  their  part  in  the  altered  facial  expression  sometimes 
seen  during  pregnancy,  and  are  not  infrequently  the  seat  of  pigmen- 
tation. Phlyctenular  conjunctivitis  and  even  keratitis  sometimes  are 
encountered. 

The  occurrence  of  albuminm-ia  during  the  later  months  of  pregnancy 
is  apt  to  be  accompanied  by  retinitis,  choroiditis,  optic  neuritis,  etc., 
which  are  considered  in  their  respective  chapters.  In  properly 
selected  cases  the  induction  of  premature  labor  may  check  the  progress 
of  the  disease,  and,  while  not  infallible,  has  in  many  instances  served 
to  prevent  blindness.  As,  however,  the  same  accident  is  apt  to  occur 
in  future  pregnancies,  patients  should  be  warned  of  their  danger. 
Detachment  of  the  retina  and  retinal  hemorrhage  may  occur  even 
when  not  associated  with  albuminuria. 

It  is  natural  that  parturition,  especially  when  painful  or  prolonged, 
should  in  cases  in  which  albuminuria  or  other  disease  has  weakened 
the  walls  of  the  vessels,  lead  to  hemorrhage  into  the  retina  and  nerve. 

Amaurosis  may  make  its  appearance  during  parturition  as  a  result 
of  the  ursemia  of  eclampsia,  or  when  there  has  been  profuse  uterine 
hemorrhage  it  may  result,  as  in  cases  of  great  loss  of  blood  from  other 
portions  of  the  body. 

Hemorrhages  into  the  retina  and  optic  nerve  occurring  during 
childbed  without  apparent  cause  are  attributed  by  Knies  to  emboli 
of  the  central  retinal  artery,  such  as  have  been  observed  after  phleg- 
masia alba  dolens. 

Puerperal  septicemia  may  lead  to  metastases  in  the  retina  and 
choroid,  and  in  severe  cases  septic  embolism  may  readily  be  followed 
by  panophthalmitis.  It  is  probable  that,  as  in  other  forms  of  sep- 
ticsemia  and  pyaemia,  this  occurs  far  more  frequently  than  is  reported, 
as  attention  is  directed  to  other  symptoms  and  the  patients  so  seldom 
recover. 

Abortion  accompanied  by  infection,  and  septic  processes  in  the 
womb  occurring  as  the  result  of  disease,  or  following  the  various 
surgical  procedures  involving  the  womb,  may,  in  a  similar  manner, 
lead  to  disease  of  the  choroid,  retina,  and  optic  nerve. 

To  lactation  and  the  antemia  and  exhaustion  which  at  times  accom- 
pany it  are  frequently  due  phlyctenular  and  other  forms  of  keratitis, 
and  even  choroiditis  accompanied  by  vitreous  opacities  has  been 
found  to  be  due  to  this  cause. 

The  eyes  of  infants  are  often  injured  at  the  time  of  birth.  This 
may  occur  in  a  variety  of  ways  in  prolonged  but  otherwise  normal 
labors,  but  is  especially  apt  to  occur  in  cases  in  which  instrumental 
delivery  becomes  necessary.    Here  almost  every  form  of  traumatism 
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has  been  recorded.  Ecchymosis  into  the  conjunctiva,  hemorrhage 
within  the  eye  or  orbit,  and  fracture  of  the  frontal  bone  or  at  the  base 
of  the  skull,  with  resulting  neuritis,  followed  by  paralysis  of  the  optic 
nerve,  may  be  encountered,  and  we  may  have  paralysis  of  any  branch 
of  the  third  nerve,  the  sixth,  or  the  facial.  Numerous  cases  in  which 
paralyses  have  occurred  have  been  published  by  Budin,  Bloch,  Berger, 
and  others.  But  when  we  consider  the  numerous  instances  in  which 
instrumental  delivery  is  resorted  to,  serious  accidents  to  the  eyes 
are  seen  to  be  of  relatively  infrequent  occurrence. 

Ophthalmoscopic  examinations  of  the  newborn  have  in  many 
instances  revealed  retinal  hemorrhages,  and  wliile  such  eyes  often 
recover  with  good  vision,  there  is  much  reason  to  beheve  that  many 
of  the  cases  of  amblyopia  so  frequently  seen  in  strabismus  are  due 
to  such  lesions,  the  gross  changes,  such  as  could  be  seen  by  means 
of  the  ophthalmoscope,  having  long  since  disappeared.  There  is 
room  for  further  investigation  of  this  subject. 

Ophthalmia  neonatorum,  almost  always  due  to  the  gonococcus  of 
Neisser,  but  sometimes  traceable  to  other  sources  of  infection,  is  so 
common  as  to  recjuire  little  comment.  As  in  gonorrhoea,  it  may  be 
associated  with  affections  of  the  joints. 


POISONS  AND  INFECTIOUS  DISEASES. 

Poisons.  The  direct  and  indirect  effects  of  the  introduction  into 
the  system  of  chemical  poisons  and  living  germs  and  their  morbific 
products  are  so  varied  that  it  is  extremely  difficult  to  arrange  a 
system  of  classification  which  will  be  thoroughly  scientific  and  satisfy 
all  of  the  conditions.  Indeed,  for  our  present  purpose  no  such 
classification  is  necessary,  as  om*  object  will  be  attained  if,  by  grouping 
siinilar  forms  of  poisons  on  the  one  hand  and  the  infectious  processes 
on  the  other,  we  are  able  to  present  a  comprehensive  view  of  the 
manner  in  which  the  eye  is  affected  directly  by  the  substances 
belonging  to  the  various  groups,  or  indirectly  by  the  diseased  con- 
ditions which  they  excite  in  other  parts  of  the  body. 

A  large  and  most  important  group  of  poisonous  substances  affect 
the  eyes  by  producing  some  form  of  retrobulbar  neuritis,  at  times 
including  a  lesion  of  the  ganglion  cells,  resulting  in  what  is  generally 
termed  toxic  amblyopia,  characterized  by  form  and  color  scotomata. 
To  this  group  belong  alcohol,  tobacco,  lead,  arsenic,  the  silver  salts, 
mercury,  phosphorus,  the  salts  of  potassium,  iodoform,  ioduret  and 
thiuret,  essence  of  Jamaica  ginger  and  essence  of  peppermint,  bisul- 
phide of  carbon  and  chloride  of  sulphur,  nitrobenzol  and  dinitro- 
benzol,  the  various  coal-tar  products,  opium  and  its  alkaloids,  chloral, 
cannabis  indica,  tea,  coffee  and  chocolate,  ergot,  vanilla,  and  stramo- 
nium, carbon  dioxide,  osmic  acid,  quinine  and  the  various  products 
of  cinchona  bark,  salicylic  acid,  and  aspidium  or  filix  mas.  Each  of 
these  substances,  it  has  been  claimed,  has  produced  true  toxic  am- 
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blyopia  "by  an  action  on  the  gangUon  cells,  nerve  fibres,  and  opt  c 
ne^-ves,  or  their  vascular  supply''  (de  Schweinitz),  and  while  their 
general  effect  upon  the  eyes  will  be  considered  here  the  symptoma- 
tology and  pathology  of  retrobulbar  neuritis  will  be  treated  ot  m  the 
chapter  on  Diseases  of  the  Optic  Nerve. 

As  the  term  poison  is  applied  to  those  substances  which,  it  intro- 
duced into  the  system,  produce  disease,  we  here  consider  not  the 
effect  of  all  chemical  substances  upon  the  eye,  but  such  effects  as  are 
produced  in  that  organ  when  a  given  poison  is  introduced  into  the 
system  or  directly  into  the  eye,  and  we  should  make  a  distinction 
between  those  effects  which  follow  an  acute  attack  and  those  which 
o-radually  make  their  appearance  in  cases  of  chronic  poisoning,  in 
both  acute  and  chronic  poisoning,  however,  the  more  pronounced 
eye  symptoms  are  often  the  indirect  effect  of  the  action  of  the  poison 
upon  some  other  part  of  the  body,  such  as  the  vascular  system,  the 
central  or  peripheral  nervous  system,  or  the  kidneys.  _       _  _ 

The  indirect  effects  upon  the  eye  of  acute  systemic  poisomng  are 
apt  to  manifest  themselves  in  the  action  of  the  ins  and  ciliary  body, 
as  mydriasis,  myosis,  cycloplegia,  etc.,  and  sometimes  m  the  externa 
ocular  muscle-s  and  in  changes  in  the  vessels  of  the  fundus.  Colored 
vision  and  illusions  are  also  sometimes  noted.  ,    .  +u 

While  intoxication  amblyopia  is  the  most  noteworthy  effect  of  the 
substances  named  in  the  above  list,  a  number  of  them  produce  other 
eye  symptoms  of  wliich  we  must  not  lose  sight. 

Chronic  lead-poisoning  produces  a  variety  of  both  central  and 
peripheral  lesions,  resulting  in  disturbances  of  vision  which  are  gen- 
erally traceable  to  sclerosis  and  periarteritis,  the  evidence  of  which 
may  sometimes  be  seen  with  the  ophthalmoscope.  Disturbances  of 
the  external  ocular  muscles  may  follow  multiple  neuritis  due  to  this 
cause,  and  we  may  have  the  characteristic  picture  of  albuminuric 
neuroretinitis,  as  albuminuria  may  result  from  lead-poisonmg.  ihe 
appUcation  of  lead  lotions  is  frequently  followed  by  indelible  deposits 

of  lead  in  the  cornea.  ,  u    i  i 

Phosphorus-poisoning  is  sometimes  accompanied  by  hemorrhages 
in  the  retina,  and  later  by  fatty  degeneration,  somewhat  resembling 
that  of  albuminuric  retinitis.  The  frequent  occurrence  of  hemor- 
rhages in  the  optic  nerve  and  brain  produces  characteristic  eye  symp- 
toms. .  ,  , 
Acute  mercury-poisoning  seldom  produces  eye  symptoms,  alttiougn 
in  severe  cases  retinal  hemorrhages  and  fatty  degeneration,  as  in 
phosphorus-poisoning,  have  been  noted.  The  eye  symptoms  in 
chronic  cases  resemble  those  due  to  chronic  lead-poisonmg. 

Poisoning  from  the  silver  salts,  aside  from  rare  cases  of  retrobulbar 
neuritis,  manifests  itself  in  the  eye  only  in  the  dark  indelible  stain 
of  the  conjunctiva,  which  not  infrequently  is  seen  as  the  result  of 
prolonged  local  applications. 

Iodine-poisoning,  chiefly  when  it  is  administered  m  the  form  of 
iodide  of  potassium,  induces  at  times  catarrhal  conjunctivitis,  but 
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more  frequently  pains  in  the  eyes  and  lacrymation  in  association  with 
the  typical  coryza.  We  sometimes  see  illustrations  of  the  extreme 
initation  produced  by  the  development  of  iodide  of  mercury  when 
levigated  calomel  is  dusted  into  the  eyes  while  iodide  of  potassium 
is  being  administered  internally;  but,  although  these  drugs  are  not 
infrequently  used  at  the  same  time,  this  is  an  extremely  rare  occur- 
rence. 

Bromide  of  potassium  in  excessive  amounts  has  been  known  in 
some  instances  to  prodtice  retrobulbar  neuritis,  but  even  when  not 
in  sufficient  dose  to  cause  the  characteristic  skin  eruption,  it  may  excite 
conjunctivitis  with  phlyctenular  foci  of  inflammation  (Knies). 

Alcohol,  which  jjrobably  produces  more  cases  of  chronic  poisoning 
than  all  other  substances  together,  causes  a  variety  of  eye  symptoms 
in  addition  to  retrobulbar  neuritis,  which  latter  disease  will  be  con- 
sidered elsewhere. 

In  acute  alcoholism  we  have  at  times  as  an  early  manifestation, 
failure  of  acconmiodation,  inco-ordination  of  the  ocular  muscles^ 
causing  diploi)ia,  and  later,  absence  of  normal  pupillary  reaction.' 
With  normal  ophthalmoscopic  appearances  we  may,  in  delirium 
tremens,  have  a  well-marked  concentric  limitation  of  the  visual  field 
which  somethnes  continues  for  several  days.  What  is  known  as  retro- 
bulbar or  axial  optic  neuritis  is  only  one  manifestation  of  the  inter- 
stitial and  pai-enchymatous  changes  and  vascular  disease  due  to 
chrome  alcoholism,  and  the  consequent  lesions  which  develop  in  the 
brain,  spinal  cord,  kidneys,  etc.,  are  accompanied  by  such  changes 
m  the  eyes  as  are  found  in  association  with  the  same  lesions  due  to 
other  causes. 

Severe  disease  of  the  central  nervous  system,  such  as  often  super- 
venes in  cases  of  chronic  alcoholism,  is  accompanied  by  a  variety  of 
eye  lesions,  and  among  them,  in  rare  instances,  ophthalmoplegia 
externa,  which  is  due  generally  to  hemorrhagic  inflammation  of  the 
floor  of  the  fourth  ventricle. 

Methyl  alcohol  and  amyl  alcohol  may  both  cause  sudden  blindness— 
indeed,  some  authors  have  claimed  that  to  these  substances,  rather 
than  to  pure  ethyl  hydrate,  is  due  the  retrobulbar  neuritis  which  often 
follows  the  use  of  the  more  common  forms  of  alcoholic  drinks. 

Ac^ite  opium-poisoning  causes  well-marked  myosis  and,  at  times, 
clouding  of  vision.  In  chronic  cases  accompanied  by  marasmus  there 
is  also  apt  to  be  corneal  softening. 

Acute  chloral-poisoning  produces  myosis,  although  after  large  doses 
have  been  administered  for  a  long  time  niA'-driasis  sometimes  is  noted. 
The  cutaneous  eruption  and  urticaria  of  the  lids,  which  are  seen  after 
prolonged  use  of  the  drug,  are  apt  to  be  accompanied  by  conjunctivitis. 

Sulphonal-poisoning  may  produce  ptosis,  and  has  been  known  to 
cause  anesthesia  of  the  conjunctiva. 

Carhon  dioxide-poisoning  has  in  a  number  of  cases  been  known  to 
produce  paralysis  of  the  external  ocular  muscles,  which  may  disappear 
after  a  few  weeks.    It  is  attributed  to  hemorrhagic  processes  in  the 


THE  EYE  IN  ITS  RELATION  TO  GENERAL  DISEASES.  607 


nerve  nuclei  or  in  the  peripheral  nerves  (Knapp).  When  obstruction 
to  respiration  or  circulation  results  in  the  accumulation  of  carbon 
dioxide  in  the  blood,  we  are  apt  to  have  retinal  hemorrhages. 

Santonin-poisoning  is  characterized  by  yellow  vision,  which,  accord- 
ing to  Knies,  who  has  carefully  investigated  its  phenomena,  begins  ten 
or  fifteen  minutes  after  the  administration  of  the  drug,  and  is  pre- 
ceded by  transient  violet  vision.  The  pupillary  reaction  is  normal,  as  is 
the  appearance  of  the  fundus,  and  central  vision  remains  undisturbed. 

Ergot  has  been  known  to  produce  narrowing  of  the  retinal  blood- 
vessels and  temporary  disturbance  of  vision,  with  sluggish  pupillary 
reaction;  but  in  chronic  poisoning  the  prolonged  nutritive  disturb- 
ances occurring  as  the  result  of  spasm  of  the  vessels  of  the  ciliary 
body  are  usually  assigned  as  the  cause  of  the  cataract  which  some- 
times follows  within  a  few  years  of  such  an  attack. 

Fungus-poisoning  varies  in  its  effect  upon  the  eye  according  to  the 
nature  of  the  alkaloid  produced :  muscarine  causing  spasm  of  accom- 
modation and  myosis,  while  other  varieties,  such  as  morchella,  pro- 
duce mydriasis  (Knies) .  The  profound  systemic  disturbance  produced 
by  these  deadly  alkaloids  sometimes  results  in  fatty  degeneration 
and  hemorrhage  of  the  retina.  _ 

Atropine  may  be  taken  as  the  type  of  the  mydriatics,  and  its  effects 
upon  the  eye  when  used  internally  in  a  poisonous  dose  are  well  under- 
stood. It  may  cause  hyperemia  of  the  fundus  as  well  as  cycloplegia 
and  mydriasis,  and  in  those  who  are  predisposed  may  excite  glau- 
coma. Not  infrequently  we  find  individuals  in  whom  the  smallest 
amount  of  atropine  acts  as  a  local  poison  in  the  conjunctival  sac, 
producing  a  peculiar  form  of  conjunctival  catarrh  and  a  so-called 
eczema  of  the  lids.  It  is  sometimes  stated  that  this  is  due  to  impure 
solutions;  but  by  rigid  sterilization  and  the  observance  of  every 
reasonable  precaution  the  writer  has  convinced  himself  that  this  is 
not  the  case.  Hyoscyamine  or  duboisine  will  usually  be  tolerated 
by  those  patients  who  are  susceptible  to  this  action  of  atropine. 

'Hyoscyamine,  duboisine,  daturine,  homatropine,  scopolamine,  etc., 
have  mydriatic  and  cycloplegic  effects  similar  to  those  of  atropine, 
and  any  of  them  may,  under  favorable  conditions,  induce  glaucoma. 
Duboisine  is  more  prone  to  cause  delirium,  and  also,  at  times,  pro- 
duces narrowing  of  the  visual  field ;  and  Pooley  has  noted  temporary 
amblyopia  as  a  result  of  the  instillation  of  scopolamine. 

Cocaine-poisoning  if  acute,  may  cause  transient  amblyopia  with 
contraction  of  the  retinal  arteries,  or  it  may  produce  syncope  with 
the  attendant  temporary  blindness.  In  chronic  cocaine-poisoning  we 
may  have  visual  hallucinations,  chromatopsia,  hemianopsia,  microp- 
sia, diplopia,  dancing  of  objects,  and  amblyopia.  In  a  number  of 
instances  glaucomatous  symptoms  have  developed  after  the  instilla- 
tion of  cocaine  into  the  conjunctival  sac  or  after  its  use  on  the  nasal 
mucous  membrane. 

Eserine  instilled  into  the  conjunctival  sac  has,  in  a  few  in- 
stances, produced  temporary  complete  blindness  and  a  degree 
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of  transient  amblyopia  sometimes  follows  the  injection  of  pilocarpine, 
but  it  is  a  curious  fact  that  when  administered  internally  both  phy- 
sostigmine  and  pilocarpme  often  produce  mydriasis. 

Landesburg  has  reported  five  cases  in  which  opacity  of  the  crys- 
talline lens  followed  treatment  with  jaborandi. 

Ptomaines  and  toxalbuviins  found  in  certain  animals,  or  as  the 
result  of  the  action  of  microbes  upon  certain  articles  of  food,  such 
as  meat,  sausage,  oysters,  fish,  ice-cream,  etc.,  produce  a  variety  of 
diseases  of  the  eyes.  Many  of  the  ptomaines  m  their  physical  proper- 
ties resemble  certain  of  the  vegetable  alkaloids,  which  accounts  for 
the  fact  that  bilateral  paralysis  or  paresis  of  accommodation  and 
mydriasis  are  often  observed  after  poisoning  from  decomposed  meats 
or  fish.  Muscarine  and  neurine  produce  spasm  of  acconunodation, 
while  tyrotoxicon  causes  paralysis.  Ptosis  and  paralysis  of  the  extrin- 
sic ocular  muscles  have  also  been  observed,  and  have  been  considered 
as  of  nuclear  origin,  or  possibly  due  to  a  basilar  neuritis. 

Infectious  Diseases.  Infectious  diseases,  their  complications  and 
sequelae,  are  the  cause  of  numerous  eye  lesions.  Such  diseases  may 
be  due  to  single  micro-organisms  producing  well-defined  clinical 
manifestations,  such  as  are  seen  in  glanders,  tetanus,  and  splenic  fever, 
and  are  in  each  instance  peculiar  to  the  specific  agency  which  pro- 
duces them,  or  they  may  result  from  the  more  complicated  processes 
by  which  different  microbes  may  be  the  cause  of  the  same  group  of 
clinical  symptoms,  as  is  the  case  in  erysipelas  and  pytemia.  In  either 
instance  the  resulting  eye  lesions  may  be  a  direct  effect  of  the  primary 
infection,  or  an  indirect  result  of  the  numerous  complicating  condi- 
tions which  arise  in  the  course  of  the  disease. 

The  involved  and  intricate  nature  of  the  subject  under  discussion 
will  be  appreciated  when  it  is  remembered  that  with  many  of  the 
infectious  processes  which  are  supposed  to  have  a  specific  cause  we 
may  have  in  various  stages  of  the  disease  complications  arising  from 
secondary  infections.  This  is  especially  true  of  those  accompanied 
by  abscesses  and  purulent  processes,  the  mixed  infection  being  due 
to  the  addition  of  one  or  more  of  the  common  forms,  such  as  Staphy- 
lococcus pyogenes  aureus  and  albus.  Streptococcus  pyogenes,  Diplo- 
coccus  pneumoniiP,  etc.  Indeed,  the  clinical  picture  which  is  made 
up  of  a  group  of  signs  and  symptoms  to  which  we  give  a  special 
name,  is  in  many  instances  dependent  for  its  existence  upon  the 
combined  action  of  two  or  more  of  these  micro-organisms  and  their 
morbific  products.  It  is  often  to  these  secondary  infections,  which 
are  so  common  that  we  look  upon  them  as  a  necessary  part  of  the 
disease,  that  are  due  many  of  the  complications  which  make  their 
appearance  in  the  eyes. 

Knies_  has  made  the  following  summary  of  the  affections  of  the 
eyes  which  may  occur  in  connection  -with  infectious  diseases : 

1.  Hemorrhages  in  all  parts  of  the  peripheral  and  central  visual 
apparatus,  from  the  most  varied  causes  in  all  stages  of  the  disease,  and 
consequently  every  possible  disorder  of  vision,  motion,  and  sensation. 
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2.  Foci  of  fatty  degeneration  and  softening  in  the  central  organs 
and  the  eye,  visible  in  the  retina  with  the  ophthalmoscope,  and  often 
associated  with  hemorrhages.  _        •  t,  v, 

3.  Inflammatory  changes  in  the  vessels  in  all  localities,  with  the 
above-mentioned  consequences. 

4.  More  or  less  diffuse  inflammations  of  the  tissues  of  the  eye, 
especially  of  the  uvea  and  retina,  iritis,  cyclitis,  choroiditis,  retinitis, 
diffuse  interstitial  keratitis,  etc.  Meningitis  with  its  various  eye 
symptoms  also  develops  in  the  same  way. 

5.  Changes  (chronic  and  acute  hemorrhagic  forms)  in  the  optic 
nerve,  chiasm,  tractus,  motor  and  sensory  nerves  (multiple  neuritis). 

6.  Pure  atrophy  of  the  nerve  tissues  (central  organs  and  optic 
nerve),  occurring  after  the  lapse  of  years,  and  probably  the  final 
outcome  of  the  vessel  lesions. 

7.  Focal  hyperasmias  and  inflammations  (metastases)  in  various 
degrees,  from  a  chi-onic  to  an  acute  hemorrhagic  and  purulent  process, 
or  even  terminating  in  acute  gangrene.  These  are  found  in  the 
integument  of  the  lids  (eruptions  sometimes  leading  to  gangrene), 
the  sclera  (sclerotic  foci),  uvea  (disseminated  choroiditis  and  choroido- 
retinitis,  and  embolic  suppurations),  retina  (benign,  but  usually  septic 
emboli),  orbit  (metastatic  suppurations),  lacrymal _ glands  (embohc 
abscesses  and  dacryoadenitis),  optic  nerve,  and  brain,  etc. 

8.  Specific  neoplasms  (syphilis,  tubercle,  leprosy)  in  almost  every 
part  of  the  eye  and  surrounding  structures,  and  in  the  central  nervous 
system. 

The  functional  results  of  these  lesions  are: 

1.  Visual  disorders  of  all  kinds,  of  peripheral,  intermediate,  and 
central  origin. 

2.  Paralysis  and  spasms  of  a  central,  nuclear,  and  peripheral  char- 
acter, and  even  due  to  direct  cUsease  of  the  muscles. 

3.  Nem-algias,  anaesthesias,  and  paresthesias  of  every  possible  mode 
of  origin. 

4.  Other  affections,  such  as  adhesions  of  the  lids_  m  conjunctival 
eatarrh,  cUsorders  of  lacrymal  secretion  and  conduction  in  affections 
of  the  lacrymal  glands  and  canal,  etc.  In  infectious  diseases  which  are 
attended  with  high  fever  and  congestion  of  the  meninges  and  cortex, 
visual  hallucinations  and  illusions  also  are  encountered.  These  dis- 
eases may  terminate  in  more  or  less  severe  forms  of  insanity. 

The  eye  is  in  rare  instances  the  seat  of  the  primary  infection,  and 
not  infrequently  presents  the  earliest  manifestations  of  disease  which 
attract  the  attention  of  the  physician  or  attendant,  as  in  the  photo- 
phobia and  conjunctivitis  often  seen  during  the  period  of  incubation 
of  measles;  but  more  generally  eye  lesions,  when  found  in  association 
with  infectious  diseases,  are  a  direct  effect  of  the  disease  itself  or  of 
some  of  its  complications  or  sequelae. 

In  studying  the  great  variety  of  eye  lesions  produced  by  infectious 
diseases,  it  is  well  to  bear  in  mind  the  marked  difference  which  is  often 
to  be  noted  between  those  following  an  acute  disease  and  those  result- 
so 
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ing  from  the  more  chronic  processes.  An  infection  may  be  so  intense 
that,  as  in  acute  ptomaine-poisoning,  the  system  is  overwhelmed,  and 
we  find  at  the  autopsy,  in  association  with  the  other  lesions  exten- 
sive retinal  hemorrhage  as  the  only  ocular  manifestation  of  a'disease 
which,  had  its  onset  been  less  rapid,  would  have  resulted  in  fatty 
degeneration  in  the  parenchyma  of  the  liver,  kidneys  and  other  organs, 
and  the  associated  changes  in  the  vascular  system.  These  in  turn 
would,  in  the  more  gradual  process  of  infection,  be  accompanied  by 
fatty  degeneration  in  the  choi'oid  and  retina  and  secondary  hemor- 
rhages in  these  structures  similar  to  those  found  in  the  brain  and 
other  organs. 

The  profomid  infections  which  we  often  observe  in  such  diseases 
as  typhoid,  typhus,  and  yellow  fever,  and  in  intense  malarial  poi- 
soning, are  accompanied  by  alterations  m  the  blood,  and  at  times  by 
changes  in  the  choroid,  retina,  and  optic  nerve,  the  exact  nature  of 
which  cannot  be  saitl  to  be  entirely  understood,  although  they  seem 
in  many  instances  to  bear  a  somewhat  direct  relation  to  the  special 
poison  causing  the  disease  with  which  they  are  associated.  The  con- 
ditions attending  the  late  war  with  Spain  afforded  many  illustrations 
of  the  effects  of  these  diseases  in  causing  changes  in  the  fundus  of 
the  eye,  anil  a  number  of  observers  have  maile  valuable  contributions 
to  our  information  on  this  interesting  subject.' 

It  remains  to  be  demonstrated,  however,  whether  the  lesions  noted 
can  be  classetl  as  part  of  the  morbid  anatomy  of  the  diseases  men- 
tioned, or  shoukl  be  ascribed  to  intermediate  changes  dependent 
upon  them,  and  possibly  common  to  other  maladies. 

In  the  more  chronic  processes  of  infection  in  which  the  interstitial 
connective  tissues  are  largely  affected,  or  the  vessel  walls  have  under- 
gone gradual  degenerative  changes,  we  have  thrombosis  and  retinal 
hemorrhages,  and  as  later  manifestations,  sometimes  making  their 
appearance  years  after  the  original  lesion,  atrophy  of  the  optic  nerve 
and  retina  associated  with  evidences  of  similar  sclerotic  changes  in 
the  brain  and  spinal  cord. 

As  the  general  powers  of  resistance  of  the  patient  who  is  subjected 
to  an  infective  process  greatly  modify  the  systemic  effects  produced, 
so  the  condition  of  the  eye  may  influence  the  course  of  the  disease  in 
that  organ.  An  old  iritis  with  a  posterior  synechia,  or  an  old  pene- 
trating wound  with  entangled  iris  or  lens  capsule,  may  make  the  eye 
far  more  vulnerable  than  it  otherwise  would  be,  and  lead  to  most 
serious  consequences  when  it  is  subjected  to  the  dangers  of  an  infec- 
tious disease. 

A  subject  of  great  interest  in  connection  with  infectious  diseases  in 
their  relation  to  the  eyes  is  that  which  concerns  the  route  by  which 
the  eye  is  invaded  by  the  micro-organisms  or  their  morbific  products. 
In  such  diseases  as  lupus  of  the  skin  of  the  lids,  infection  ma}^  take 
place  by  direct  transmission  of  the  microbes  or  their  products  from 
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the  lids  to  the  conjunctiva,  while  in  such  diseases  as  erysijDelas  the 
route  may  be  by  way  of  the  orbital  cellular  tissue  and  optic  nerve, 
as  was  observed  by  the  writer  in  a  well-marked  case  in  a  man 
seventy  years  of  age,  who  died  of  meningitis  as  the  result  of  facial 
erysipelas  which  produced  orbital  cellulitis.  In  meningitis  the  route 
may,  as  in  the  above  case,  be  by  the  optic  nerve,  or  in  some  instances 
through  the  sphenoidal  sinus  and  orbital  tissues. 

In  diseases  of  the  respiratory  tract  the  communication  may  be 
directly  by  means  of  the  nasolacrymal  canal  to  the  conjunctival 
sac,  or  indirectly  through  the  orbit  by  involvement  of  the  frontal, 
ethmoidal,  maxillary,  or  sphenoidal  sinus. 

In  cases  of  serious  general  infection,  and  especially  in  those  in  which 
there  is  ulcerative  endocarditis,  the  vessels  are  the  usual  means  of 
transmission,  and  either  the  enormous  vascular  expansion  of  the 
choroid  or  the  terminal  system  of  the  retina  becomes  the  seat  of 
an  infectious  process. 

In  septiccemia,  which  is  often  only  the  early  stage  of  an  infective 
process  terminating  m  pytemia,  we  have  areas  of  fatty  degeneration 
and  hemorrhages  into  the  retina.  These  are  of  grave  import,  as 
indicatmg  the  extent  of  the  systemic  invasion. 

Pycemia,  having  its  origin  in  an  inflammatory  or  necrotic  process, 
producing  infective  emboli,  thrombi,  or  hemorrhages,  may  result  in 
the  development  of  a  new  focus  of  infection  in  any  vascular  portion 
of  the  eye  or  orbit,  the  choroid  and  retina  being  most  frequently  the 
seat  of  this  metastatic  process,  which  may  originate  in  an  ulcerative 
endocarditis  or  an  active  phlebitis. 

While  Roth  has  anatomically  proved  that  it  is  possible  to  have 
what  might  be  termed  a  benign  form  of  metastatic  purulent  retinitis 
which  does  not  extend  to  the  choroid  or  vitreous,  it  will  readily  be 
understood  that  a  rapidly  extending  destructive  purulent  inflam- 
mation of  all  the  structures  of  the  eyeball  is  the  usual  result  of  metas- 
tatic infection  of  the  eye  in  pytemia. 

In  the  late  stages  of  pyeemia,  even  when  no  septic  thrombus  has 
found  its  way  into  the  eye,  we  may  have  numerous  retinal  hemor- 
rhages occurring  immediately  before  death. 

Malignant  pustule  or  splenic  fever,  termed  also  anthrax,  malignant 
oedema,  charbon,  etc.,  is  somewhat  prone  to  affect  the  skin  of  the 
lids  and  to  cause  entropion,  ectropion,  and  infiltration  of  the 
cornea.  It  may  even  produce  an  orbital  abscess,  and  severe  cases 
in  their  late  stages  tend  to  cause  retinal  hemorrhages. 

Erysipelas,  classed  by  some  writers  as  an  affection  of  the  skin, 
may  properly  be  considered  among  the  infectious  diseases.  It  is 
not  infrequently  seen  in  the  lids,  though  it  generally  originates  else- 
where, and  extends  to  the  delicate  skin  and  loose  connective  tissue 
of  these  structures,  where  it  causes  marked  oedema,  and,  in  rare  in- 
stances, abscess  and  necrosis,  which  may  lead  to  ectropion.  Erysipelas 
of  the  lids  is  often  accompanied  by  slight  catarrhal  conjunctivitis  and 
some  chemosis,  but  only  in  rare  instances  by  ulceration  of  the  cornea. 
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Acute  dacryocystitis  may  be  caused  by  erysipelas,  but  is  not  of 
frequent  occurrence,  while  an  exacerbation  of  a  chronic  inflammation 
of  the  lacrynial  sac,  or  the  development  of  an  erysipelatous  inflam- 
mation as  a  complication  of  a  neglected  dacryocystitis,  is  not  very 
uncommon,  and  in  such  cases  the  underlying  cause  sometimes  escapes 
detection,  or  the  diagnosis  of  erysipelas  is  made  when  we  have  only 
an  aggravated  case  of  cellulitis  due  to  retention  in  a  simple  purulent 
inflammation  of  the  lacrymal  sac. 

An  extension  of  the  cellulitis  of  erysipelas  to  the  tissues  of  the 
orbit  is  seen  occasionally,  sometimes  taking  the  form  of  an  orbital 
abscess  and  sometimes  of  a  serous  inflltration,  causing  evidence  of 
pressure  on  the  optic  nerve  and  motor  oculi.  In  the  more  severe 
cases  there  may  be  extension  from  the  orbit  to  the  brain,  with  resulting 
meningitis  or  sinus  thrombosis,  and  hi  others  exophthalmos  with  evi- 
dence of  compression  in  optic  neuritis,  with  defective  vision,  narrowing 
of  the  visual  fields,  etc.,  sometimes  terminating  in  atrophy  of  the 
nerve  and  narrowing  of  the  retinal  vessels.  Thrombosis  of  the  central 
vein  with  retinal  hemorrhage  has  been  reported  in  several  cases,  and 
ptosis  and  paresis  of  the  external  ocular  muscles,  and  even  of  the  ciliary 
nuiscle,  may  result.  Opacity  of  the  vitreous  and  glaucoma  have  also 
been  se(>n  after  erysipelas.' 

A  number  of  cases  have  been  recorded  in  which  an  attack  of  ery- 
sipelas has  served  to  hasten  recovery  in  trachoma  and  diseases  of 
the  uveal  tract,  and  this  is  in  keeping  with  what  has  been  ob- 
served occasionally  in  pathological  processes  in  other  portions  of  the 
body. 

Whether  we  classify  rheumatism  as  an  infectious  disease,  or  adhere 
to  one  of  the  other  numerous  theories  as  to  its  origin,  it  is  certain 
that  in  some  of  the  manifestations  of  the  acute  articular  form 
we  are  dealing  with  an  infectious  process,  and  it  is  probable  that  in 
many  instances  the  diseases  of  the  eyes  which  occur  during  an  attack 
of  rheumatism  are  traceable  to  this  cause.  It  is  not  difficult  to  recog- 
nize the  action  of  an  acute  infection  in  the  associated  eye  lesions  of 
gonorrhojal  rheumatism,  nor  in  the  embolism  of  the  central  artery 
of  the  retina  which  is  so  frequently  the  result  of  ulcerative  endocar- 
ditis, but  there  are  many  cases  of  diseases  of  the  eyes  associated  with 
almost  imperceptible  rheumatic  manifestations  in  which  the  operation 
of  an  infectious  process  is  not  so  apparent. 

Recurring  attacks  of  iritis,  sometimes  alternatmg  with  the  disturb- 
ance in  the  joints,  cyclitis,  scleritis,  episcleritis,  tenonitis,  mflam- 
mation  of  the  bulbar  portion  of  the  oculo-orbital  fascia,  petechial 
conjunctivitis,  and  even  paralysis  of  the  motor  oculi,  may  follow 
attacks  of  acute  articular  rheumatism. 

Glaucoma,  sometimes  unfortunately  associated  with  chronic  iritis, 
is  at  times  seen  in  the  subjects  of  chronic  rheumatism  not  necessarily 
articular  in  character,  and  in  these  cases  it  is  difficult  to  avoid  the 
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conclusion  that  there  is  some  other  element  in  addition  to  the  infec- 
tion which  we  recognize  in  the  more  acute  forms  of  the  disease. 

Measles  in  its  prodromal  stage  is  apt  to  be  accompanied  by  weii- 
marked  catarrhal  conjunctivitis,  with  the  accompanymg  photophobia 
and  lacrymation,  and  throughout  the  comse  of  the  disease  and  often 
for  a  long  time  after  the  fever  has  subsided,  asthenopic  symptoms, 
with  weakness  of  accommodation,  a  tendency  to  marginal  bleph- 
aritis, superficial  vascular  keratitis,  and  obstinate  phlyctenular  con- 
iimctivitis  and  keratitis  are  observed.  This  is  especially_  apt  to  be 
true  in  cases  of  hyperopia  or  astigmatism,  and  m  such  patients  local 
and  constitutional  treatment  generally  fail  to  afford  relief,  imless  the 
refraction  error  is  first  corrected.  These  manifestations  are  seen  most 
frequently  among  those  who  are  strumous  or  tubercular,  though  they 
are  at  times  observed  m  patients  m  whom  it  is  difficult  to  discover 
other  evidences  of  tuberculosis.  Gangrene  of  the  lids,  terminating 
in  ectropion,  has  resulted  m  a  few  instances.  .  u-i  + 

There  have  been  recorded  several  well-authenticated  cases  of  bilat- 
eral optic  neuritis  with  resulting  blindness,  which  in  some  mstances 
has  been  permanent.  They  have  occasionally  been  the  result  of 
basilar  meningitis  following  measles,  and  m  a  few  rare  mstances 
they  have  been  secondary  to  purulent  otitis  media. 

Albuminuric  retinitis  after  measles  is  extremely  rare.  _ 
Scarlatina  is  at  times  accompanied  by  conjunctivitis,  but  this  is 
not  so  frequently  a  complication  as  in  measles,  and  is  not  so  valuable 
as  an  aid  to  early  diagnosis.    In  the  course  of  an  attack  of  scarlatina 
especially  when  it  is  severe,  active  phlyctenular  conjunctivitis  and 
keratitis  may  occiu",  sometimes  resulting  m  extensive  corneal  ulcers. 

Dacryocystitis  is  not  very  uncommon,  and  in  rare  mstances  we 
have  orbital  cellulitis  with  its  usual  consequences,  even  resulting  m 
atrophy  of  the  optic  nerve,  and  in  a  few  cases  purulent  mflammation 
of  the  lacrymal  gland  has  been  reported. 

When  we  consider  the  frequency  of  renal  complications,  eye  lesions 
due  to  this  cause  are  relatively  rare,  though  there  are  many  recorded 
cases  of  ursemic  amaurosis  and  amblyopia.  t  t3  c!+ 

After  describing  a  number  of  well-observed  cases,  J.  B.  btorey, 
quoting  Foerster,  makes  an  admirable  summary  which  seems  to  be 
in  keeping  with  the  views  of  other  careful  observers.  In  all  of  the 
cases  reviewed  by  the  last-named  authority  "  albuminuria  was  present, 
and  the  amaurosis  occurred  in  the  desquamation  stage  after  a  period 
of  generally  favorable  symptoms.  The  amaurosis  was  ushered  m  by 
cerebral  symptoms,  headache,  convulsions,  vomiting,  and  stupor.  It 
came  on  suddenly,  was  bilateral,  and  for  a  time  was  complete.  No 
ophthalmoscopic  lesions  were  detected,  and  the  blindness  gradually 
cleared  off.    There  can  be  no  doubt  that  these  cases  must  be  classed 


as  uremic  " 


When  chronic  nephritis  results  from  scarlatina,  we  may,  of  course, 
at  a  later  period  have  the  usual  retinal  and  nerve  lesions  of  albu- 
minuria.   Meningitis  following  scarlatina  may  result  in  paralysis  of 
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the  optic  nerve  and,  rarely,  in  partial  or  complete  paralysis  of  one  or 
more  of  the  ocular  muscles.  ^  c  ui 

Even  when  no  renal  disease  has  existed  and  no  albumin  has  been 
tound  m  the  uruie,  neui'oretinitis  has  been  observed 

Purulent  otitis  media,  which  occurs  so  frequently  after  scarlatina 
may,  by  extension  of  the  mflammation  to  the  meninges  or  the  develoo- 
ment  of  a  smus  thrombosis,  lead  to  paralysis  of  the  optic  nerve  or 
of  the  external  ocular  muscles,  to  secondary  infection  of  the  retina 
or  choroid,  or  to  abscess  of  the  orbit. 

Accommodative  asthenopia  is  not  micommon  after  scarlatina  as 
alter  all  of  the  exanthemata,  and  is  much  more  prone  to  recur  if 
as  IS  often  the  case,  there  is  a  pre-existing  error  of  refraction 

Diphtheria  may  be  accompanied  by  a  most  destructive  form  of 
conjunctivitis  with  a  characteristic  dense  infiltration  in  the  subcon- 
junctival tissue;  but  this  complication  is,  fortmiately,  of  extremelv 
rare  occurrence  in  this  country. 

The  ocular  lesion  most  frequently  met  with,  and  one  of  extreme 
clinical  mterest  is  the  partial  or,  rarely,  complete  paralysis  of  accom- 
modation, which  comes  on  rapidly,  and  at  times  suddenly,  from  three 
to  six  weeks  after  the  appearance  of  the  pharyngeal  lesion,  and  from 
two  to  three  weeks  after  apparent  recovery.  It  is  much  more  fre- 
quent in  children  thaii  in  adults,  and  often  appears  after  cases  of 
diphtheritic  mfection  in  any  part  of  the  body,  and  which  may  be  so 
miltl  as  to  have  entirely  escaped  detection. 

The  paralysis  is  almost  always  bilateral,  though  there  are  excep- 
tions, and  it  rarely  affects  the  iris.  It  lasts  sometimes  for  months 
disappearing  gradually,  even  when  not  treated,  though  the  correction 
ot  refraction  errors  which  impose  an  additional  burden  upon  the  ciliary 
muscle,  and_  the  internal  administration  of  strychnine  and  iron,  exert 
a  favorable  influence  and  shorten  the  period  of  its  duration 

Complete  or,  niore  frequently,  partial  paralysis  of  the  external 
ocular  muscles,  indicated  by  tropia  a:nd  ptosis,  is  not  very  uncommon 
Neuroparalytic  keratitis  from  involvement  of  the  fifth  nerve  has 
been  reported  and  also  a  number  of  cases  of  concentric  contraction  of 
the  yisua  field,  with  defective  color  vision,  which  latter  Koenig  has 
attributed  to  retinal  ana'sthesia. 

While  in  rare  instances  hemorrhages  have  been  observed  post-mor- 
tem, near  and  even  in  the  nucleus  of  the  third  nerve,  it  seems  more 
probable  that,  as  Voelckers  has  pointed  out,  the  seat  of  the  lesion  is 
•f  uT  te^'n^inations  m  the  affected  muscles.  Knies  has  found 
It  diftcult  to  account  for  the  phenomena  of  diphtheritic  paralysis  of 
accommodation  excepting  on  the  theory  that  "a  definite  ptomaine 
is  produced,  and  that  this  has  a  paralytic  action  upon  accommodation, 
Willie  It  has  no  influence  upon  the  movements  of  the  pupil." 

Variola  before  the  introduction  of  vaccination  was  a  most  prolific 
cause  of  b  indness,  it  having  been  estimated  that  in  Germany  35  per 
cent,  of  ail  cases  of  blindness  were  due  to  this  disease.  This  per- 
centage has  now  been  greatly  reduced,  ranging,  according  to  Fuchs, 
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from  2  per  cent,  to  3.6  per  cent.  The  same  authority  states  that 
the  eyes  are  affected  in  from  1  per  cent,  to  11  per  cent,  of  all  cases 
of  variola,  according  to  the  statistics  of  various  observers.  Although 
almost  every  portion  of  the  eye  may  be  affected,  vision  is  most 
frequently  lost  by  extension  of  the  inflammatory  process  from  the 
conjunctiva  to  the  cornea. 

The  skin  of  the  lids  is  a  frequent  seat  of  the  eruption,  and  it  may 
cause  oedematous  swelling,  hemorrhagic  infiltration,  abscesses,  phleg- 
mons, and  funmcles  or  localized  loss  of  tissue,  which  latter  is  especially 
serious  if  the  pustules  form  on  the  lid  margins,  where  they  are_  apt 
to  lead  to  trichiasis  and  ectropion.  After  the  eruption  has  subsided 
there  is  a  tendency  to  the  formation  of  abscesses,  boils,  and  disturb- 
ance of  the  glandular  structures  of  the  skin  in  other  portions  of 
the  body,  and  this  is  seen  also  m  the  lids,  where  we  have  margmal 
blepharitis,  styes,  obstruction  of  the  Meibomian  glands,  ectropion, 
trichiasis,  and  permanent  thickening  of  the  lids,  or,  if  the  destructive 
process  has  been  extensive,  great  distortion  or  loss  of  lid  tissue,  and, 
in  some  cases,  even  periostitis  and  caries  of  the  rim  of  the  orbit  have 
also  been  reported. 

As  in  measles  and  scarlatina,  the  conjunctiva  is  apt  to  be  congested, 
and  we  may  have  catarrhal  conjunctivitis  even  when  the  eye  is  not 
the  seat  of  the  eruption,  and  there  is  not  infrequently  inflammation 
of  the  mucous  membrane  of  the  lacrymal  passages. 

The  pustules  of  smallpox  may  form  on  any  portion  of  the  bulbar 
conjimctiva,  and  rarely  on  the  palpebral  mucous  membrane;  but  their 
favorite  location  is  near  the  corneal  margin,  where  they  are  smaller 
than  when  seen  on  the  skin,  and  present  the  appearance  of  conjunctival 
phlyctenules.  There  is  severe  inflammation,  with  chemosis  and  active 
secretion,  as  in  purulent  conjunctivitis,  and  secondary  corneal  infec- 
tion is  very  apt  to  follow  quickly,  with  hypopyon  and  all  that  such 
a  destructive  process  means. 

Some  authorities  deny  that  the  primary  eruption  is  ever  seen  upon 
the  cornea,  and  occurrmg,  as  it  usually  does,  many  days  after  the 
appearance  of  the  cutaneous  eruption,  or  even  during  convalescence, 
it  is  probable  that  the  corneal  infection  is  a  secondary  process  which, 
as  Knies  has  suggested,  may  be  held  in  check  by  the  diligent  use 
of  aseptic  and  antiseptic  treatment. 

Even  when  there  is  no  conjunctivitis  nor  evidence  of  eruption  on 
the  eyeball,  we  may  have  corneal  involvement,  due  apparently  to 
local  infection  by  morbid  material  circulating  in  the  blood.  Indeed, 
this  is  by  some  authorities  said  to  be  the  most  frequent  type  of  cor- 
neal involvement  (Story).  It  occurs  usually  as  a  late  manifestation, 
and  is  apt  to  be  associated  with  or  followed  by  such  serious  compli- 
cations in  other  organs  that  a  fatal  termination  is  not  uncommon. 

Iritis,  usually  as  a  part  of  an  anterior  uveitis  involving  a  low  grade  of 
cyclitis,  vitreous  opacities,  and  more  or  less  involvement  of  the  choroid, 
is  not  an  unusual  manifestation  during  the  late  stages  of  variola,  and 
isolated  areas  of  choroiditis  are  sometimes,  although  rarely,  observed. 
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A  few  cases  of  neuroretinitis  and  hemorrhages  into  the  optic  nerve 
have  been  described,  and  more  would  probably  be  reported  if  ophthal- 
moscopic examinations  were  more  common. 

Secondary  nephritis  is  comparatively  rare,  but  is  sometimes  present 
and  may  be  accompanied  by  urffimic  amaurosis  and  albuminuric 
retinitis. 

Vaccination,  like  other  infectious  processes,  may  cause  disease  of 
the  eyes.  Eczema  of  the  face  and  phlyctenular  disease  of  the  con- 
junctiva and  cornea,  wliich  sometimes  follow  or  accompany  vaccina- 
tion, are  of  comparatively  slight  importance  in  healthy  patients,  but 
m  children  and  others  of  feeble  constitution  they  may  pursue  a 
tedious  course.  Accidental  vaccination  of  the  lids,  conjunctiva,  and 
cornea  has  been  reported  many  times,  and,  whether  from  a  vaccine 
pustule  or  from  a  lymph  tube,  produces  a  most  serious  infection.  If 
the  cornea  is  affected,  it  is  apt  to  become  the  seat  of  active  infiltration 
strongly  resembling  a  vaccine  pustule.  ' 

While  the  transmission  of  other  diseases  by  vaccination  is  not  so 
common  as  is  generally  supposed,  it  is  by  no  means  impossible  for 
such  a  result  to  follow  when  the  conditions  are  favorable,  and  when 
syphihs  is  transmitted  we  may  have  iritis  and  the  other  usual  mani- 
festations of  that  disease  in  the  eye. 

Fance//a  rarely  causes  eye  complications,  but  one  instance  is 
recorded  of  iritis  accompanied  by  hypopyon. 

Typhoid  Fever.  A  degree  of  hypersemia  or  conjunctivitis  may 
occur  m  typhoid  as  in  other  fevers,  and  phlyctenular  conjunctivitis 
am  keratitis  are  not  uncommon  during  convalescence.  Kerato- 
malacia  may  result  in  serious  cases,  and,  with  the  profound  and  pro- 
longed somnolence  which  is  sometimes  a  characteristic  of  the  late, 
stages,  we  often  have  xerosis  of  the  cornea  accompanied  by  infection 
from  exposure.  A  gangrenous  inflammation  of  the  lid  which  rarely 
makes  its  appearance  is  apt,  if  the  patient  sui-vives,  to  lead  to  ectro- 
pion. 

mile  not  very  common,  various  affections  of  the  uveal  tract  are 
sometimes  present,  as  anterior  uveitis,  plastic  iritis,  cyclitis,  choroi- 
ditis, and  choroidoretinitis,  with  their  accompanying  changes  in  the 
vitreous  and  later  in  the  lens. 

The  general  muscular  weakness  which  often  characterizes  the 
period  of  convalescence  after  tyiDhoid  fever  manifests  itself  in  the 
eyes  as  prolonged  and  sometimes  extreme  weakness  of  accommoda- 
tion, producing  much  more  marked  symptoms  if  astigmatism  orhyiaer- 
metropia  is  present.  In  addition  to  accommodative  we  often  have 
muscular  asthenopia,  especially  if  a  manifest  or  latent  imbalance  of 
the  external  ocular  muscles  is  present.  True  paralysis  of  the  external 
muscles,  with  deviation  or  ptosis,  is  rarely,  though  sometimes  seen  as 
a  consequence  of  typhoid  fever,  and,  as  Knies  has  well  said,  should 
suggest  a  careful  study  of  the  urine. 

_  The  various  diseases  of  the  brain  and  spinal  cord  which  are  occa- 
sionally seen  as  sequelte  of  typhoid  fever  may  be  accompanied  by 
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characteristic  lesions  of  the  optic  nerve  and  retina.  Either  c  uring 
or  after  the  attack  we  may  have  retrobulbar  neuritis,  followed 
in  some  instances  by  atrophy;  and  neuroretinitis  with  macular 
hemorrhage  has  been  reported,  as  have  also  cases  of  amaurosis  and 
hemianopsia,  apparently  due  to  cortical  disease.  _       _  _  _ 

Typhus  fever  is  known  sometimes  to  cause  catarrhal  conjunctivitis, 
inflanmiation  of  the  uveal  tract,  and  other  lesions  similar  to  those 
observed  in  typhoid  fever,  but  few  instances  of  such  complications 
have  been  pubhshed. 

Typhus  recurrens  or  relapsing  fever,  like  typhoid  and  other  fevers, 
causes  more  or  less  catarrhal  conjunctivitis,  ancl_  may  be  accom- 
panied by  phlyctenular  conjunctivitis  and  keratitis.    It  leads  also 
to  degeneration  and  weakness  of  the  muscular  system,  which  result 
in  accommodative  and  muscular  asthenopia,  especially  noticeable 
during  convalescence.     Directly  or  indirectly,  the  poison  of  this 
fever  may  so  affect  the  visual  centres,  the  tract,  or  the  optic 
nerve,  as  to  cause  temporary  or  permanent  blindness;  but  this 
is  of  rare  occurrence  when  compared  •  with  the  lesions  of  the 
uveal  tract  which  often  make  then  appearance  as  late  manifesta- 
tions or,  more  properly,  as  sequelae  of  typhus  recurrens.    A  diffuse 
inflammation   of  the  uvea,  and  especially  of  the  ciliary  body, 
varying  in  intensity  from  Uttle  more  than  a  mild  hypera^mia 
to  an  active  purulent  cychtis,  may  be  found,  and  this  complication 
may  result  in  only  a  slight  clouding  of  the  anterior  portion  of  the 
vitreous,  which  will  clear  away  completely  in  the  course  of  a  few 
weeks,  or  it  may  lead  to  an  active  choroiditis  and  retinitis,  with  puru- 
lent infiltration  of  the  vitreous  and  subsequent  phthisis  bulbi.^  _  It 
frequently  assmnes  the  form  of  an  anterior  uveitis  (serous  iritis), 
and  sometimes  is  accompanied  by  hypopyon.    One  or  both  eyes  may 
be  affected,  and  while  its  occurrence  as  a  compUcation  is  not  neces- 
sarily dependent  upon  the  severity  of  the  general  disease,  ocular 
lesions  are  of  far  more  frequent  occurrence  in  some  epidemics  than  m 
others. 

Knies,  who  has  written  quite  fully  on  this  subject,  points  out  the 
very  important  fact  that  analogous  changes  probably  take  place  in 
the  pia  mater,  but  those  appearing  in  the  uveal  tract,  owing  to  its  ulti- 
mate relation  with  the  retina  and  vitreous,  are  much  more  apparent. 

While  occlusion  of  the  pupil  by  the  exudate  from  the  ciliary  body 
and  iris  and  dense  opacities  of  thfe  vitreous,  or  even  secondary  detach- 
ment of  the  retina,  may  result  in  severe  cases  and  lead  to  blindness, 
the  prognosis  is  not  generally  unfavorable,  as  the  ring  of  faint  vitreous 
opacities  is,  in  a  large  proportion  of  cases,  sufficiently  absorbed  to 
admit  of  good  vision. 

Malaria  may  modify  various  diseases  of  the  eyes  which  are  due  to 
other  causes  and  give  a  periodicity  to  their  manifestations  wliicJi 
yields  to  the  action  of  quinine.  It  may  produce  diseases  of  other 
organs  which  indirectly  affect  the  eyes,  or  it  may  be  the  direct  cause 
of  disease  of  the  eyes. 
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Periodic  trigeminal  neuralgia,  generally  of  the  supra-orbital  branch 
IS  quite  common,  and  occasionally  true  ciliary  neuralgia  is  due  to  this 
cause. 

Conjunctivitis  and  plastic  iritis  have  been  described,  but  are  rare, 
while  keratitis  is  of  comparatively  frequent  occurrence.  Neuro- 
paralytic and  interstitial  keratitis  are  seen  at  times,  but  a  more 
common  form  is  what  is  termed  dendritic  keratitis,  which  presents 
itsejf  as  a  superficial  infiltration  with  narrow  irregular  streaks 
radiating  from  it,  sometimes  assuming  the  form  of  a  serpiginous 
ulcer.  When  this  form  of  corneal  infiltration  is  found  associated 
with  tenderness  on  pressure  over  the  supra-orbital  nerves,  quinii)e 
in  full  doses  is  indicated,  in  addition  to  such  other  local  and  general 
treatment  as  may  be  found  appropriate.  Herpetic  corneal  eruptions 
are  also  sometimes  seen  after  prolonged  attacks  of  malarial  fever. 

Muscular  paralysis  has  rarely  been  noted,  and  temporary  and  even 
permanent  amblyopia  and  amaurosis  are  of  not  very  infrequent 
occurrence.  The  amblyopia  may  be  accompanied  by  scotomata  or 
contraction  of  the  periphery  of  the  visual  field.  Permanent  defects 
of  the  visual  field  are  due  to  i)artial  atrophy  of  the  optic  nerve,  and 
occur  only  in  the  more  severe  cases  of  malarial  poisoning. 

As  r<:nips  has  pointed  out,  a  large  proportion  of  cases  of  malarial 
amblyoiJia  and  amaurosis  are  probably  of  central  origin,  and  when 
occurring  at  the  onset  of  the  attack  he  considers  them  to  be  the 
result  of  i^tomaine-poisoning.  A  few  instances  of  malarial  hemian- 
opsia have  been  reported.  Torpor  of  the  retina  amounting  to  night 
blindness  occurs  not  infrequently  in  chronic  malarial  poisoning;  and 
Baas  has  observed  a  case  of  blue  vision  appearing  with  a  regular 
periodicity,  with  other  evidences  of  intermittent  fever,  and  disap- 
pearing alter  the  administration  of  quinine. 

The  prognosis  of  malarial  amblyopia  and  amaurosis  is  generally 
not  very  grave,  although  in  rare  instances  serious  defects  of  vision 
may  remain.  By  far  the  most  important  lesions  resulting  from 
malarial  infection  appear  in  the  uveal  tract,  retina,  and  optic  nerve. 
Grave  cases  of  malarial  poisoning  are  sometimes  accompanied  by 
intra-ocular  hemorrhages  which  may  appear  at  the  onset  of  the  disease 
but  are  more  common  in  the  later  stages;  and  Poncet  has  established 
the  fact  that  the  accompanying  changes  in  the  choroid  and  retina 
are  due  to  obstruction  of  the  capillaries  and  smaller  vessels  by  pig- 
ment flakes  and  other  abnormal  elements  in  the  blood.  He  found 
on  autopsy  "  cedema,  hemorrhages,  lesions  of  the  walls  of  the  vessels, 
and  thrombosis  and  small  inflammatory  foci  with  and  without  pig- 
ment," etc. 

The  vitreous  opacities,  exudative  retinitis  and  choroiditis,  and 
hemorrhage  or  exudation  into  the  optic  nerve  may  result  in  serious 
defects  of  vision,  but  fortunately  such  results  are  of  infrequent  occur- 
rence. 

Influenza,  which  may  be  an  important  factor  in  the  causarion  of 
diseases  of  almost  every  organ  in  the  body,  makes  no  exception  of 
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the  eye;  but  while  in  its  erratic  course  it  may  produce  an  almost 
infinite  variety  of  eye  symptoms,  there  is  little  uniformity  in  their 
character,  and  few  of  them  appear  with  such  frequency  as  to  make 
them  typical  manifestations  of  this  disease. 

Conjunctival  hyperemia,  with  more  or  less  lacrymation  and  photo- 
phobia, is  of  extremely  frequent  occurrence  as  an  early  manifestation, 
and,  especially  when  the  nasal  mucous  membrane  is  actively  involved, 
we  may  have  an  acute  catarrhal  or  mucopurulent  conjunctivitis. 
Pre-existing  conjunctivitis  in  its  various  forms  is  apt  to  be  aggra- 
vated, oedema  of  the  conjunctiva  may  be  present,  and  sometimes 
we  have  a  number  of  minute  extravasations  of  blood  into  the  con- 
junctiva as  a  result  of  the  attacks  of  severe  coughing. 

CEdema  of  the  upper  lids  is  sometimes  present  in  the  period  of 
convalescence,  and  rarely  inflammation  of  the  lacrymal  gland  has 
been  known  to  develop. 

A  deep  abscess  of  the  lids  is  seen  at  times  as  a  late  manifestation, 
and  has  been  attributed  to  involvement  of  the  frontal  sinus;  and 
hordeola  are  of  not  infrequent  occurrence,  while  embohc  orbital  sup- 
puration has  been  recognized  in  rare  cases. 

Dacryocystitis  is  apt  to  develop  if  a  stenosis  has  already  existed. 

Paresis  of  accommodation  as  a  sequela  of  influenza  is  not  very 
uncommon,  but  true  paralysis  is  rare,  and  nuclear  or  peripheral 
paralysis  of  the  extrinsic  ocular  muscles,  although  sometimes  seen, 
is  of  very  infrequent  occurrence,  resulting  in  tropia  or  ptosis.  Bleph- 
arospasm is  found  more  frequently. "  The  neuralgic  pain  and  ten- 
derness of  the  eye  and  its  surroundings  are  probably  due  in  large 
part,  as  Knies  has  suggested,  to  a  low  form  of  orbital  periostitis, 
resulting  from  cUsease  of  the  mucous  lining  of  the  frontal  sinus  and 
other  periorbital  cavities. 

Phlyctenular  keratitis,  at  times  associated  with  phlyctenular  con- 
junctivitis, has  occasionally  been  reported;  and  also  punctate  super- 
ficial keratitis  and  herpes  of  the  lid  and  cornea,  in  the  latter  situation 
sometimes  assuming  the  form  to  which  the  term  dendritic  has  been 
applied. 

-  Various  affections  of  the  uveal  tract  have  been  reported,  although 
it  is  not  so  frequently  involved  as  we  would  expect  when  we  remem- 
ber how  often  influenza  occurs  in  those  of  such  age  as  to  have  vul- 
nerable bloodvessels. 

Judging  by  his  personal  experience,  the  author  would  say  that  a 
low  grade  of  hyalitis  is  the  most  frequent  manifestation  of  involve- 
ment of  the  uveal  tract  as  a  sequela  of  influenza,  although  hypersemia 
of  the  iris,  plastic  iritis,  embolic  iridocyclitis,  purulent  uveitis  with 
hypopyon,  and  even  panophthalmitis,  have  been  reported,  and  cases 
have  been  described  which  resulted  in  the  development  of  a  purulent 
tenonitis. 

Non-septic  embolism  of  the  central  retinal  artery  has  been  reported 
in  a  few  cases,  but  in  so  rare  a  complication  we  should  bear  in  mind 
the  possibility  of  a  coincident  cause.  Although  not  of  frequent  occur- 
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rence,  a  number  of  instances  of  optic  neuritis  have  been  recorded, 
some  resulting  in  partial,  and  others  in  complete  atrophy  of  the  optic 
nerve;  and  Berger  mentions  several  cases  of  temporary  amaurosis 
which  were  probably  due  to  the  toxic  effect  of  the  ptomaines  devel- 
oped during  an  attack  of  influenza. 

Glaucoma  has  been  known  to  be  precipitated  by  an  attack  of  in- 
fluenza, but  it  is  probable  that  defective  bloodvessels  and  other 
unfavorable  conditions  contributed  to  this  result. 

Whooping-cough.  Conjunctival  injections,  photophobia,  and  lacry- 
mation  are  not  uncommon  in  the  early  stages  of  pertussis,  and  phlyc- 
tenular disease  of  the  conjunctiva  and  cornea,  sometimes  occurs  as  a 
sequela. 

But  while  we  occasionally  meet  with  evidences  of  disease  in  the 
eyes  which  may  be  said  to  result  from  incUrect  action  of  the  in- 
fective agent,  by  far  the  larger  pro]3ortion  of  the  ocular  mani- 
festations are  of  purely  mechanical  origin,  and  result  from  the  in- 
creased intravascular  tension  due  to  the  spasmodic  cough.  Hemor- 
rhages in  the  conjunctiva  and  lids  are  absorbed  within  a  few  weeks, 
leaving  no  trace,  and  small  hemorrhages  in  the  orbit  may  escape 
notice,  while  large  ones,  which  fortunately  are  rare,  may  cause  exoph- 
thalmos. 

Paralysis  of  the  ocular  muscles  may  occur,  with  consequent  stra- 
bismus or  ptosis,  and  is  due  to  hemorrhages. 

Convergent  squint,  the  earliest  appearance  of  which  so  frequently 
follows  the  various  infectious  diseases  of  childhood,  seems  to  occur 
with  great  frequency  after  whooping-cough,  though  it  is  seldom  due 
to  paralysis,  and  is  associated  usually  with,  and  in  a  large  measure 
dependent  upon,  hypermetropia. 

Mumps.  In  aildition  to  oedema  of  the  lids,  conjunctivitis,  kera- 
titis, and  rarely  iritis,  mumps  may,  like  other  infectious  diseases, 
occasionally  be  the  cause  of  serious  congestion  or  even  inflammation 
of  the  optic  nerve  and  retina,  or  primary  optic  nerve  atrophy.  Paresis 
of  the  ocular  muscles  and  of  accommodation  may  result,  and  metas- 
tatic iridocyclitis  has  been  reported. 

Like  the  testicle,  the  lacrymal  gland  may  be  the  seat  of  an  inflam- 
mation apparently  due  to  the  same  sources  of  infection  as  that  which 
produces  the  parotitis,  or  at  least  secondary  to  inflammation  of  the 
parotid  gland. 

Cholera.  With  the  sudden  onset  of  emaciation  and  great  loss  of 
blood  serum  which  are  characteristic  of  it,  cholera  produces  a  striking 
change  in  the  expression  of  the  eyes,  and  often  is  accompanied  by 
profound  lesions  in  the  deeper  structures  which,  to  a  limited  degree, 
niay  be  seen  in  severe  cases  of  other  forms  of  disease  of  the  gastro- 
intestinal tract,  such  as  cholera  infantum  and  ordinary  cholera  mor- 
bus. The  cyanosis  and  shrinking  of  the  eyeballs  into  the  orbit,  with 
shrinkage  of  the  lids  due  to  absorption  of  fluid,  and  the  weakness 
of  the  orbicularis  palpebrarum  muscle,  with  its  resulting  imperfect 
closure  of  the  palpebral  fissure,  give  to  these  cases  a  most  striking 
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and  alarming  expression.  There  is  a  lack  of  secretion,  resulting  in 
great  dryness  of  the  conjunctiva  and  cornea,  and  it  is  said  that 
neither  the  great  pain  nor  the  contact  of  irritating  substances  is 
sufficient  to  provoke  lacrymation. 

While  by  a  great  effort  the  patient  can  close  the  fids,  they  habitually 
remain  partially  open,  exposing  the  inferior  bulbar  conjunctiva  and 
lower  portion  of  the  upturned  cornea,  which  often  becomes  the  seat 
of  an  ulcer  and,  if  the  patient  recovers,  of  a  leucoma.  The  exposed 
conjunctiva  may  be  merely  injected  or  in  more  severe  cases  inflamed 
and  xerotic.  A  pecuHar  form  of  irregular  grayish  patches,  some- 
times isolated  and  sometimes  confluent,  is  seen  about  the  corneal 
border  in  severe  cases.  They  are  attributed  by  Knies  to  choroidal 
hemorrhages  shining  through  the  thinned  sclera,  and  are  of  grave 
prognostic  significance,  as  are  also  the  spontaneous  hemorrhages 
which  at  times  appear  beneath  the  conjunctiva. 

Myosis  seems  more  common  than  mydriasis,  though  the  latter  is 
sometimes  observed.  Active  reaction  to  light  is  a  favorable  prog- 
nostic sign,  while  even  in  apparently  mild  cases  immovable  pupils 
almost  certainly  indicate  a  fatal  termination.  Owing  to  the  weakness 
of  the  cardiac  muscle  and  the  marked  lowering  of  the  general  intra- 
vascular pressure  when  the  disease  is  in  the  algid  stage,  great  varia- 
tions in  the  appearance  of  the  fundus  are  to  be  noted  on  light  digital 
pressure  during  an  ophthalmoscopic  examination.  An  interruption 
of  the  blood  current  and  intermittent  circulation  is  sometimes  ob- 
served resembhng  that  which  accompanies  restoration  of  the  normal 
movement  after  an  embolism  of  the  central  retinal  artery  has  been 
■displaced. 

Yellow  Fever.  Wliile  many  cases  of  yellow  fever  exhibit  no_  char- 
acteristic eye  lesions,  we  may  have  intra-ocular  hemorrhage  with  its 
serious  consequences  in  impaired  vision,  or  urgemic  amaurosis  asso- 
ciated mth  cerebral  symptoms,  and  in  either  case  the  prognosis  is 

grave.  i  -i  j-i 

Syphilis  in  all  of  its  stages  may  affect  the  eyes,  and  while  the 
course  it  pursues  in  this  organ  depends  much  upon  the  virulence  and 
the  stage  of  the  general  infective  process  at  the  time  the  eye  is  in- 
volved, and  upon  the  part  affected,  no  portion  entirely  escapes_  its 
ravages,  although  the  uveal  tract,  because  of  its  great  vascularity, 
seems  to  be  its  more  usual  point  of  selection  in  the  acquired  form, 
and  iritis,  cyclitis,  choroiditis,  and  hyalitis  are  its  more  common 
ocular  manifestations.  r    •  , 

Syphilis  does  not  very  frequently  produce  absolute  loss  of  sight, 
Mangus  having  found  2.2  per  cent,  of  blindness  due  to  this  cause;  but, 
especially  in  large  cities,  where  syphilis  is  more  or  less  common,  it 
is  a  frequent  cause  of  marked  impairment  of  vision.  Alexander,  from 
a  study  of  the  statistics  of  eight  German  ophthalmological  clinics, 
has  estimated  that  2.16  per  cent,  of  diseases  of  the  eye  are  the  result 
of  syphilis.  This  would  probably  be  a  high  estimate  if  it  appUed  to 
both  hospital  and  private  practice,  at  least  in  America. 
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Our  attention  will  first  be  directed  to  acquired  syphilis  in  its  various 
forms,  the  subject  of  congenital  or  hereditary  syphilis  being  consid- 
ered later. 

The  initial  lesion  may  be  found  upon  some  portion  of  the  eye  or 
its  appendages,  and,  if  we  except  the  genital  organs  and  the  mouth, 
this  is  relatively  a  frequent  point  of  primary  infection.  Hard 
chancres  have  been  found  upon  the  lids,  especially  at  the  free  margin 
where  the  cutaneous  and  mucous  surfaces  join,  upon  the  palpebral 
conjunctiva,  the  phca  semilunaris,  the  caruncle,  in  the  retrotarsal 
folds,  very  rarely  upon  the  bulbar  conjunctiva,  and  even  upon  the 
cornea.    The  most  common  locations  seem  to  be  the  caruncle  and 
free  margin  at  the  inner  canthus  and  along  the  lower  lid.  Infection 
may  be  the  result  of  a  kiss  from  an  individual  with  a  mucous  patch 
on  the  mouth,  or  from  contact  of  infected  fingers.  Instances 
have  been  recorded  in  which   attendants  and  physicians  were 
infected  in  the  latter  manner  while  treating  syphilitic  patients.  The 
characteristic  hard  sore  develops,  first  presenting  the  appearance  of 
a  pimple,  which  later  breaks  down  into  a  shallow  ulcer  with  rounded 
edges  and  an  indurated  base.    The  enlargement  of  the  lymphatic 
glands  at  the  angle  of  the  jaw  and  in  front  of  the  ear,  wliich  is 
quite  characteristic  and  sometimes  extensive,  should  aid  in  distin- 
guishing a  chancre  from  simj^le  ulcerations  due  to  other  causes. 
Though  recovery  may  be  (luite  complete,  the  induration  often  con- 
tinues for  many  months,  which  is  apt  to  be  mislead  ng,  unless  the 
case  is  carefully  observed.    Hard  chancre  of  the  lids  may  be  confused 
with  epithelial  cancer,  and  chancroid  may  be  found  in  the  same 
locations,  making  it  necessary  at  times  to  await  the  development  of 
secondary  manifestations  to  determine  the  cause. 

Secondary  manifestations  in  the  form  of  roseola  or  acne-like 
eruptions  may  affect  the  skin  of  the  lids  and  cause  loss  of  the 
lashes,  and  characteristic  ulcerations  of  the  tertiary  stage  may 
appear  later. 

Rarely  there  are  mucous  patches  on  the  palpebral  and  even  upon 
the  bulbar  conjunctiva,  and  gummy  tumors  of  the  ocular  conjunc- 
tiva have  been  seen,  de  Schweinitz  mentions  an  inflammation  of 
the_  conjunctiva  assuming  the  form  of  a  catarrhal  conjunctivitis  or 
follicular  trachoma,  developing  "in  an  antemic  and  rather  colloid- 
looking  conjunctiva,"  which  yielded  only  to  antisyphihtic  treat- 
ment. 

An  interstitial  or  gummatous  inflammation  of  the  lacrymal  gland 
has  been  seen  in  rare  instances,  and  syphilitic  disease  of  the  perios- 
teuni  and  secondarily  of  the  bony  walls  and  orbital  contents  is  of 
relatively  frequent  occurrence,  causing  protrusion  or  fixation  of  the 
globe  and  all  of  the  evidences  of  exudative  disease  or  tumor  in  this 
region,  sometimes  going  on  to  suppuration  and  the  formation  of 
fistulte. 

A  careful  study  of  the  history  and  other  manifestations  of  syphilis 
is  necessary  to  determine  the  true  nature  of  such  cases,  and  a  positive 
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diagnosis  is  sometimes  made  only  after  the  symptoms  have  yielded  to 
alterative  treatment. 

Syphilitic  disease  of  the  nose  not  infrequently  leads  to  disease 
•of  the  mucous  lining,  periosteum,  and  bony  walls  of  the  lacrymal 
passages,  producing  dacryocystitis,  and  later  firm  stenosis  or  bony 
occlusion. 

The  uveal  tract,  as  has  been  stated,  is  the  point  of  selection 
for  syphilis  of  the  eye,  especially  in  the  secondary  stage,  and,  owing 
to  the  intimate  relation  of  the  choroid  and  retina,  and  the  depen- 
dence of  the  vitreous  humor  upon  the  uveal  tract  for  its  nutrition, 
we  are  apt  to  find  an  extensive  inflammation  of  one  portion,  involv- 
ing the  others  to  a  greater  or  less  degree.  This  is  more  especially 
true  of  chronic  diseases,  in  which  prolonged  impairment  of  nutrition 
plays  an  important  part;  but  it  is  probable  that  the  difference  is 
only  one  of  degree,  and  even  in  an  acute  plastic  iritis  we  have,  to 
some  extent,  a  secondary  involvement  of  the  whole  uveal  tract  and 
incipient  changes  in  the  retina  and  vitreous. 

Friedenwald'  has  demonstrated  that  in  every  case  of  iritis  a  prop- 
erly conducted  examination  will  reveal  deposits  upon  Descemet's 
membrane,  which  is  the  only  part  of  the  uveal  tract,  in  adclition  to 
the  iris,  in  which  such  an  investigation  can  be  satisfactorily  made 
during  the  active  stage  of  iritis. 

Plastic  iritis  as  an  early  manifestation  of  general  syphilis  com- 
monly makes  its  appearance  between  the  second  and  ninth  month 
after  the  initial  lesion,  though  it  may  appear  many  months  later. 
Both  eyes  may  be  attacked  simultaneously,  though  it  often  happens 
that  prompt  and  vigorous  treatment  will  prevent  involvement 
of  the  second  eye.    Authorities  differ  as  to  the  frequency  of  iritis  in 
syphilis,  some  placing  it  as  low  as  0.42,  while  others  state  that  5.37 
per  cent,  of  syphilitic  patients  have  iritis.    Alexander,  who  has  made 
an  extensive  research  into  the  statistics  of  syphilis,  places  the  pro- 
portion of  cases  of  iritis  in  which  syphilis  can  be  assigned  as  the  cause 
at  from  30  to  60  per  cent.    Simple,  plastic  iritis  of  syphilitic  origin 
has  no  characteristics  which  of  themselves  prove  its  etiology,  and  the 
diagnosis  of  syphilis  must  be  based  upon  other  evidence;  but  in  a 
certain  proportion  of  cases,  variously  estimated  at  15  to  20  per  cent., 
we  have  "iritis  gummosa,  papulosa,  or  condylomatosa,  which  is 
sufficiently  typical  to  afford  a  fair  basis  for  a  diagnosis."  Often  asso- 
ciated with  a  small  hypopyon,  we  find  in  these  cases  a  yellow  or  dull 
orange-colored  nodule,  generally  situated  near  the  lower  margin  of 
the  pi|pil  and  surrounded  by  a  narrow  zone  of  red.    In  the  later 
stages  of  severe  syphilitic  infection,  we  sometimes  have  large  gummy 
tumors,  almost  filling  the  anterior  chamber.    With  the  exception 
of  the  crystalline  lens,  any  portion  of  the  eye  may  be  the  seat  of  a 
syphilitic  lesion  taking  the  form  of  a  gumma  or  interstitial  inflam- 
mation accompanied  by  atheromatous  thickening  of  the  intima  of 
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the  bloodvessels,  which  often  results  in  occlusion;  and  as  these  vas- 
cular lesions  do  not  entirely  disappear  under  treatment,  they  some- 
times lead  in  the  eye,  as  they  do  in  the  brain,  to  the  impaired  nutri- 
tion, hemorrhages,  etc.,  wliich  account  for  many  of  the  indirect  late 
manifestations  of  syphilis. 

It  is  of  great  importance  to  bear  in  mind  that  antisyphilitic  treat- 
ment can  have  little  effect  upon  such  late  lesions,  and  it  by  no  means 
follows  that  a  lesion  of  long  standing  is  not  of  syphilitic  origin  because 
it  fails  to  respond  to  antisyphilitic  treatment.  Anterior  uveitis  of 
the  form  sometimes  spoken  of  as  serous  iritis  or  descemetitis  may 
be  found  as  a  result  of  sjiDhilitic  infection  of  an  asthenic  type  but 
such  cases  are  of  rare  occm-rence.  ' 

Syphilitic  cyclitis  and  choroiditis  of  almost  every  degree  of  severity 
appear  with  relative  frequency,  and  the  latter  is  associated  usually 
with  retinitis  and  hyalitis.  While  a  large  proportion  of  cases  of 
choroiditis  have  their  origin  in  syphilis,  it  is  the  opinion  of  the  writer 
that  the  text-books  on  ophthalmology  have  given  undue  weight  to 
this  disease  as  an  etiological  factor;  and  though  stress  has  been  laid 
upon_  certain  characteristics  as  indicating  such  a  cause,  there  are  no 
infallible  ophthalmoscopic  appearances  which,  taken  alone,  will  war- 
rant a  diagnosis  of  syphilis.  In  deference  to  the  opinion  of  some 
high  authorities,  it  should,  however,  be  stated  that  disseminated 
choroiditis,  and  especially  symmetrical  choroiditis  areolata,  and  the 
existence  of  large  quantities  of  fine,  dust-like  vitreous  opacities,  are 
of  not  infrequent  occurrence,  and  are  by  many  regarded  as  pathog- 
nomonic of  syphilis. 

InHammation  of  the  choroid,  which  may  be  disseminated  or  areolar 
in  type,  is  sometimes  mild,  but  more  frequently  severe  in  character 
W  hen  It  appears  in  the  earlier  stages  of  the  infection  and  is  treated 
promptly  and  thoroughly,  syphilitic  choroiditis  often  yields  readily 
but,  as  m  other  structures,  in  the  later  stages  of  the  disease,  when 
extensive  changes  have  taken  place  in  the  vessel  walls,  we  cannot 
expect  prompt  response  to  alterative  treatment,  however  active  it 
may  be. 

In  association  with  syphilitic  cyclitis  and  iritis,  syphilitic  choroid- 
itis not  infrequently  results  in  entire  loss  of  sight,  detachment  of  the 
retina  softemng,  and  phtliisis  bulbi.  It  is  almost  invariably  accom- 
panied by  more  or  less  extensive  retinitis,  and  is  properly  designated 
as  choroidoretinitis.  Unless  the  macular  region  is  involved  or  vit- 
reous opacities  are  present,  choroiditis  and  choroidoretinitis,  even 
though  quite  extensive,  are  apt  to  escape  the  attention  of  the  patient; 
but  when  central,  the  earlier  stages  are  manifested  by  a  variety  of 
more  or  less  pronounced  subjective  symptoms,  evidently  due  to  irri- 
tation and  disturbance  of  the  outer  layers  of  the  retina  by  the  diseased 
choroid.  Photophobia,  sparks  before  the  eyes,  micropsia,  metamor- 
phopsia,  subjective  colored  vision,  etc.,  soon  give  place  to  diminished 
visual  acuity,  torpor  of  the  outer  layers  of  the  retina,  and  often  a 
positive  scotoma,  followed  by  general  clouding  due  to  vitreous  dust 
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or  larger  opacities.  As  the  disease  progresses  and  produces  more  and 
more  distm'bance  of  the  pigment  epitheUmn,  we  have  a  variety  of 
ophthalmoscopic  pictm-es  of  retinitis,  some  to  a  degree  resembling 
retinitis  pigmentosa,  in  which  at  the  point  of  adhesion  between  the 
choroid  and  retina  the  pigment  of  the  former  emigrates  into  the 
latter,  some  due  to  areas  of  dense  retinal  opacity,  and  others  in  which 
the  characteristic  specific  exudation  has  produced  changes  in  the 
appearance  of  the  retinal  vessels.  The  dust-like  opacities  of  the  vit- 
reous, sometimes  spoken  of  as  pathognomonic  of  syphilis,  the  writer 
has  found  in  many  cases  which  were  undoubtedly  due  to  other  causes. 
While  sometimes  appearing  as  early  as  six  months  after  the  pri- 
mary infection,  syphilitic  choroidoretinitis  is  usually  a  late  mani- 
festation. 

The  prognosis  as  to  vision  must  depend  largely  upon  the  stage  at 
which  treatment  is  undertaken  and  the  part  of  the  retina^  involved. 
If  the  macular  region  is  the  seat  of  the  disease,  we  almost  invariably 
have  serious  impairment  of  vision. 

The  cornea,  sclera,  and  oculo-orbital  fascia  may  be  the  seat  of 
acquired  sypliiUs,  but  involvement  of  these  structures  is  of  rare 
occurrence,  and  is  generally  secondary  to  disease  of  other  parts  of 
the  eye. 

Syphilitic  optic  neuritis,  not  secondary  to  disease  at  the  base  of  the 
brain  or  in  the  other  structures  of  the  eye,  though  of  rare  occurrence, 
has  been  observed,  and  simple  double  atrophy  of  the  optic  nerves  is 
said  to  occur  at  times  unaccompanied  by  spinal  symptoms. 

An  almost  infinite  variety  of  lesions  in  the  cortex,  at  the  base,  and, 
indeed,  in  every  portion  of  the  brain,  may  result  from  syphilis,  mani- 
festing themselves  in  the  production  of  cortical  symptoms,  such  as 
hemianopsia,  etc.,  and  by  their  effect  upon  the  optic  nerve  and  retina 
and  the  motor  and  sensory  nerves  of  the  eyes.  This  subject  is  more 
properly  dealt  with  in  the  section  on  diseases  of  the  nervous  system, 
hut  a  brief  review  will  here  be  given  of  the  more  important  considera- 
tions in  connection  with  syphilitic  paralysis  of  the  ocular  muscles. 

The  paralysis  is  usually  peripheral.  The  muscle  itself  may  be 
the  seat  of  the  disease,  or  a  gummatous  growth  may  develop  in  the 
neighborhood  of  the  nerve  as  it  passes  through  the  orbit  or  at 
the  base  of  the  brain,  or  a  specific  lesion  may  affect  the  nuclei  or 
the  point  of  origin  of  the  nerve  in  the  third  or  fourth  ventricle  or  in 
the  aqueduct  of  Sylvius. 

According  to  Alexander,  59.4  per.  cent,  of  paralyses  of  the  ocular 
muscles  are  due  to  syphilis.  They  are  usually  late  manifestations, 
rarely  appearing  during  the  first  six  months,  and  while  they  may 
develop  rapidly  or  come  on  very  gradually,  they  usually  respond  to 
treatment  rather  slowly  in  those  cases  which  prove  to  be  curable. 
Naunyn,  quoted  by  Knies,  reports  70  per  cent,  of  recoveries,  but  states 
that  if  improvement  does  not  manifest  itself  within  two  weeks  under 
vigorous  treatment  there  is  no  hope  of  recovery.  Other  authorities, 
however,  encourage  perseverance  for  a  much  longer  period.  Relapses 
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are  uncommon  if  the  treatment  is  maintained  for  a  sufficient  length 
of  time. 

Wliile  in  some  instances  it  may  be  the  first  symptom  of  syphilis, 
and  therefore  of  great  diagnostic  importance,  paralysis  of  an  ocular 
muscle  is  found  more  frequently  in  association  with  other  evidences 
of  this  disease.  According  to  Knies,  the  isolated  paralyses  "are  due 
either  to  neuritis  and  perineuritis  of  the  nerve  roots  and  at  the  base 
of  the  brain,  or  they  are  nuclear  in  origin;  other  causes  are  excep- 
tional." 

Unilateral  paralysis  of  the  branches  of  the  third  nerve  supplying 
the  sphincter  of  the  iris  and  the  ciliary  muscle  is  not  uncommon. 
Paralysis  of  the  fourth  and  facial  nerves  is  rare,  representing  about 
1  to  2  per  cent,  each  of  all  cases  due  to  syjDhilis,  while  the  sixth  is 
affected  in  about  25  per  cent.,  and  the  oculomotor  in  75  per  cent. 
Paralysis  of  the  fourth  and  seventh  nerves  when  present  is  apt  to  be 
associated  with  paralysis  of  the  third  or  sixth. 

In  considering  the  question  of  the  presence  of  sj^shiUs  in  a  given 
case  of  disease  of  the  eye,  it  should  be  remembered  that  we  are  largely 
dependent  upon  collateral  evidence,  as  the  cases  are  very  rare  in 
which  the  ocular  lesions  taken  alone  are  pathognomonic.  Thera- 
peutic measures  as  a  means  of  diagnosis  are  at  times  of  great  value; 
but  while,  on  the  one  hand,  many  non-syphilitic  lesions  are  favorably 
influenced  by  the  use  of  the  so-calletl  alterative  treatment,  it  is  a  well- 
recognizod  fact,  which  has  already  been  referred  to.  that  there  are 
certain  late  manifestations  or  results  of  syphilis,  especially  in  the 
nervous  system  and  eye,  upon  which,  owing  to  secondary  changes 
in  the  vessel  walls  or  the  non-vascular  nature  of  the  tissues  affected, 
the  iodides  and  salts  of  mercury  appear  to  exercise  no  influence. 
Patients  whose  tissues  have  undergone  such  changes,  though  no 
longer,  properly  speaking,  the  subjects  of  active  syphilis,  may  develop 
erratic  attacks  of  various  forms  of  ocular  paralysis  somewhat  resem- 
bling true  syphilitic  paralysis,  but  more  like  those  seen  in  multiple 
sclerosis.  These  symptoms  will  not  yield  to  antisyphihtic  treat- 
ment. 

Congenital  Syphilis.  Owing  possibly  to  attenuation  of  the  specific 
poison  in  transmission  through  the  tissues  of  the  inother,  or  to  a 
process  of  selection  by  which  only  the  less  serious  cases  survive,  con- 
genital syphilis  is  usually  a  milder  disease  in  its  effects  upon  the  eyes 
than  is  the  acquired  form,  and  it  rmis  quite  a  different  course,  although 
it  is  often  far  more  obstinate  and  unyielding  to  treatment.  Intra- 
uterine syphilis,  on  the  other  hand,  is  said  to  run  its  course  much 
more  rapidly,  the  foetus  in  many  instances  dying  of  tertiary  sy]3hilis. 

As  in  the  acquired  form,  it  is  the  uveal  tract  that  is  the  point  of 
selection  in  congenital  syphilis,  and  while  diffuse  interstitial  or  "par- 
enchymatous" keratitis  is  its  most  common  and  easily  observed 
manifestation,  this  is  what  has  been  termed  an  emigration  keratitis, 
and  is  secondary  to  and  in  association  with  other  lesions  of  the  uveal 
tract. 
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Choroiditis  in  its  various  forms,  and  mild  or  most  severe  plastic 
iritis,  iridocyclitis,  and  iridochoroiditis  develop  in  some  instances,  and 
are  accompanied  by  softening  of  the  eyeball. 

As  the  various  structures  of  the  eye  may  be  primarily  or  secondarily 
affected,  either  in  utero  or  in  early  childhood,  it  will  be  readily  under- 
stood that  opacities  of  the  cornea,  occlusion  of  the  pupil,  cataract, 
opacities  of  the  vitreous,  and  atrophy  of  the  choroid,  retina  and  optic 
nei*ve  are  not  infrequently  met  with  in  congenital  syphilis.  Con- 
genital atrophy  of  the  optic  nerve  or  neuritis  is  not  infrequently  the 
result  of  intra-uterine  meningitis  of  syphiUtic  origin. 

As  in  acquired  syphilis,  we  sometimes  find  in  the  congenital  form 
that  periostitis  or  caries  of  the  walls  of  the  orbit  leads  to  most  trouble- 
some symptoms,  among  which  persistent  occlusion  of  the  nasal  duct 
is  of  not  infrequent  occurrence. 

Paralyses  of  the  ocular  muscles  may  also  occur,  but  are  rare.  By 
far  the  most  frequent  ocular  manifestation  of  congenital  syphilis^ 
as  has  been  stated  above,  is  diffuse  interstitial  keratitis,  and  while' 
this  may  be  due  to  other  causes,  its  presence  should  always  lead  to  a 
careful  investigation.  The  evidences  of  the  inheritance  of  a  syphilitic 
taint  are  too  well  known  to  require  consideration  here;  but  while 
certain  Continental  writers  have  been  inclined  to  accept  with  many 
qualifications  the  indications  pointed  out  by  Hutchinson  in  the 
pecuhar  formation  of  the  incisor  teeth,  and  while  other  diseases, 
doubtless  may,  in  rare  instances,  produce  similar  changes,  the  writer 
has  found  them  so  frequently  associated  with  congenital  syphilis 
that  when  present  he  regards  them  as  of  the  greatest  diagnostic  value. 

As  in  all  late  manifestations  of  sypliilis,  many  of  the  symptoms  of 
the  hereditary  form  of  the  disease,  especially  those  appearing  after 
infancy,  are  due  to  secondary  changes  not  the  immediate  result  of 
the  infection,  and  it  is  a  mistake  to  expect  results  from  alterative 
treatment,  such  as  may  be  obtained  in  the  earlier  years  of  acquired 
syphilis.  Too  great  persistence  in  the  use  of  the  iodides  and  mer- 
curials in  such  cases  may  do  great  harm ;  but,  on  the  other  hand,  the 
writer  is  convinced  by  his  own  experience  that  judgment  and  dis- 
crimination should  be  exercised  in  this  as  in  all  questions  of  therapeu- 
tics, and  the  above  principle  must  not  be  too  slavishly  adhered  to, 
as  it  not  infrequently  happens  that  brilliant  results  are  obtained  by 
the  discreet  use  of  these  remedies  even  in  subjects  of  congenital 
syphilis  who  are  no  longer  young. 

Leprosy  often  has  a  very  long  period  of  incubation,  and  the  primary 
lesion  is  apt  to  escape  attention.  It  is  very  prone  to  affect  the  lids 
and  brows;  the  former,  according  to  Lopez,  being  involved  at  some 
time  in  the  course  of  almost  every  case  of  this  disease.  Eklund  has 
stated  that  infection  often  occurs  in  the  conjunctival  sac  from  the 
use  of  towels,  and  the  bacilli  of  leprosy,  resembling  those  of  tuber- 
culosis, have  been  found  in  the  tears. 

The  eyebrows  and  lids  may  be  the  seat  of  anaesthetic  patches  or 
nodules,  which  lead  to  loss  of  the  hair  of  the  brows  and  the  eyelashes. 
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and  when  ulceration  takes  place  we  are  apt  to  have  ectropion  or  en- 
tropion. Lopez  calls  attention  to  the  occurrence  of  lagophthalmos 
due  to  involvement  of  the  terminal  motor  nerve  elements  distributed 
to  the  orbicularis  muscle. 

In  the  conjunctiva  leprosy  produces  anesthesia,  followed  by  chronic 
conjunctivitis;  and  pterygia  and  tubercles  may  develop,  wliich  fre- 
quently lead  to  keratitis  and  pannus,  especially  of  the  lower  half  of  the 
cornea.  The  tubercles  of  the  conjunctiva  may  terminate  abruptly  at 
the  corneal  margin  and  lead  to  secondary  clouding  and  other  degen- 
erative changes,  or  the  deeper  layers  of  the  cornea  may  be  the  seat  of 
the  leprous  tubercles.  In  a  later  period  of  the  disease  we  may  have 
distinct  involvement  of  the  cornea,  resembling  interstitial  keratitis, 
and  ulcers  are  not  uncommon. 

Involvement  of  the  iris  may  be  secondary  to  keratitis,  but  is  some- 
times an  early  manifestation,  and  may  take  the  form  of  an  acute  iritis 
or  the  development  of  grayish  nodules  or  tubercles,  especially  near 
the  periphery  in  the  lower  half.  If  the  disease  reaches  the  iris,  we  are 
apt  to  find  vitreous  opacities,  cyclitis,  and  choroiditis,  with  secondary 
cataract;  and  in  the  late  stages  there  may  also  be  involvement  of  the 
choroid  and  retina.  The  progress  of  leprosy  is  slow,  and  the  fact  that 
small  nodules  in  the  iris  have  been  known  to  disappear  under  treat- 
ment is  referred  to  by  Knies. 

Tuberculosis.  While  primary  tubercular  infection  of  the  eye  is 
sometimes  observed,  it  is  of  not  very  frequent  occm-rence,  but  second- 
ary involvement  is  far  more  common. 

Lupus,  which  is  generally  conceded  to  be  of  tubercular  origin,  may 
appear  upon  the  lid  as  an  ulcerated  area,  with  red  granular  patches, 
and  later  may  extend  to  the  conjunctiva,  and  finally  to  the  eyeball, 
causing  its  destruction.  The  conjunctiva,  if  the  surface  is  broken, 
may  be  the  seat  of  primary  infection.  This,  although  unusual,  has 
been  well  established  in  a  small  number  of  cases.  In  some  instances 
we  have  tubercular  infection  of  the  conjunctiva,  which  in  appearance 
for  a  time  resembles  trachoma,  although  its  later  course,  the  fact  that 
it  will  not  yield  to  ordinary  treatment,  and  its  frequent  association 
with  nasal  and  laryngeal  tuberculosis  will  determine  its  char- 
acter. More  frequently  we  find  "caseating"  ulcers  with  irregular 
raised  edges,  sometimes  covered  mth  grayish  nodules,  sho-wdng  a 
tendency  to  slough.  This  may  be  associated  with  considerable  swell- 
ing of  the  lids;  there  is  enlargement  of  the  lymphatic  glands  of  the 
corresponding  side,  and  the  patients  are  apt  to  show  other  evidences 
of  tuberculosis. 

The  diagnosis  may  be  made  more  certain  by  the  microscopic 
examination  of  small  pieces  of  tissue  or  particles  of  the  cheesy  con- 
tents of  the  nodules  or  by  inoculation. 

Tubercles  of  the  iris  containing  the  characteristic  bacilli,  and  also 
giant  cells,  are  found  occasionally  as  an  apparently  primary  manifes- 
tation of  the  disease.  According  to  Eyre,  it  does  not  usually  implicate 
the  cornea  until  late  in  the  course  of  the  disease,  and  the  iris  still  later. 
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Involvement  of  the  iris,  as  well  as  other  tubercular  diseases  of  the  eyes, 
is  more  common  in  children  than  in  adults. 

In  cases  of  general  tuberculosis  the  uveal  tract  and  the  choroid 
especially  is  sometimes  involved,  the  ophthalmoscope  revealing  yel- 
lowish-white spots,  often  appearing  to  be  not  more  than  one  or  two 
millimetres  in  diameter,  and  difficult  to  detect.  Large  tubercular 
tumors  resembling  sarcomata  are  seen  also  at  times.  Choroidal 
tubercles  visible  with  the  ophthalmoscope,  if  seen  at  all,  so  often 
appear  in  the  late  stages  of  the  disease  that  they  are  of  only  slight 
diagnostic  value. 

The  development  of  tubercles  within  the  eye  is  often  associated 
with  reduced  intra-ocular  tension,  but  in  a  few  instances  increased 
tension  has  been  noted,  and  Lubowski  has  reported  one  case  of 
absolute  glaucoma. 

DISEASES  OF  THE  SKIN. 

The  conjunctiva  and  superficial  layers  of  the  cornea  being  con- 
tinuous with  and  anatomically  and  embryologically  closely  related 
to  the  skin,  it  is  only  natural  to  infer  that  many  of  the  diseases  of 
the  latter  should  present  themselves  in  a  modified  form  in  these 
portions  of  the  eye  and  often  lead  to  complications  in  the  deeper 
structures.  This  inference  is  found  to  be  correct,  especially  in  the 
case  of  such  diseases  as  eczema  and  herpes;  while  diseases  such  as 
lupus  and  epithelioma  frequently  extend  from  the  lids  into  the  eye ; 
and  the  parasitic  and  other  cutaneous  affections  assume  a  slightly 
modified  form  in  the  lids,  owing  to  the  fact  that  the  skin  here  differs 
in  some  respects  from  other  portions  of  the  integument. 

Eczema,  which  assumes  such  a  variety  of  forms  in  various  portions 
of  the  cutaneous  surface,  frequently  affects  the  eyes;  and  here,  as 
elsewhere,  it  presents  itself  in  forms  that  differ  so  widely  as  to  be 
somewhat  confusing  to  one  of  limited  clinical  experience.  It  may 
affect  the  Hds,  conjunctiva,  or  cornea,  and  while  of  very  frequent 
occurrence  in  childhood,  is  more  rare  in  patients  of  advanced  years, 
although  in  those  subject  to  gout  and  rheumatism  it  is  sometimes 
associated  with  conjimctivitis,  and  proves  most  obstinate  and  dis- 
tressing. In  adults  it  is  apt  to  present  itself  on  the  surface  of  the  lid 
in  the  form  of  eczema  squamosum,  but  it  is  among  children  that  we 
meet  with  large  numbers  of  cases  of  this  disease,  and  here,  while  the 
surface  of  the  lids  often  is  affected,  it  is  the  conjunctiva  and  cornea 
which  deserve  most  careful  study. 

Owing  probably  to  the  ease  with  which  the  conjunctival  and  cor- 
neal epithelium  is  broken,  we  seldom  meet  with  true  vesicles,  but 
points  of  infiltration  assuming  the  form  of  pinkish-yellow  elevations 
in  the  bulbar  conjunctiva,  and  grayish  or  grayish-yellow  infiltrations 
in  the  cornea,  are  very  common.  These  are  generally  spoken  of  as 
phlyctenule,  and  often  are  found  in  association  with  eczematous 
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disease  of  the  mucous  membrane  of  the  nose,  and  especially  in  tubercu- 
lous or  "scrofulous"  children  with  eczematous  eruptions  about  the 
nose  and  mouth,  and  adenoids,  hypertrophied  tonsils,  and  enlarged 
postcervical  glands. 

Herpes  zoster  of  the  integument  of  the  lids  may  occur  under  con- 
ditions favoring  its  development  elsewhere  on  the  face,  especially 
when  vesicles  are  found  on  the  side  of  the  nose,  and  herpes  of  the 
cornea  is  not  very  uncommon.  The  latter  assumes  the  form  of 
herpes  zoster  ophthalmicus,  sometimes  corresponding  to  what  is 
termed  neuroparalytic  keratitis,  and  by  secondary  infection  may  lead 
to  extensive  and  dangerous  ulceration.  The  neuralgic  and  burning 
pain  induced  by  herpes  zoster  may  precede  and  continue  for  a  long 
time  after  the  eruption  has  disappeared. 

Herpes  vulgaris  or  febrilis,  wliich  is  a  more  common  disease  of  the 
cornea  than  herpes  zoster,  is  often  found  in  association  with  catarrhal 
diseases  of  the  digestive  or  respiratory  tract,  and  is  characterized 
by  the  formation  of  one  or  more  small  vesicles  which  often  are  broken 
before  their  character  is  recognized.  The  surface  of  these  ulcers 
may  be  anesthetic,  but  not  the  surrounding  portions  of  the  cornea, 
and  ^yllile  they  often  pursue  a  sluggish  course,  infection  from  the  con- 
junctival sac  frequently  occurs,  and  may  lead  to  the  development  of  a 
destructive  serpiginous  ulcer.  What  is  termed  keratitis  dmdritica  or 
keratitis  raviijormis,  is  by  some  authorities  classified  as  a  variety  of 
herpes  cornese,  although  it  is  more  probable  that  it  is  dependent  for 
its  characteristic  form  upon  a  special  micro-organism. 

Seborrhoea,  which  is  characterized  by  the  development  of  acne  in 
other  portions  of  the  face,  when  it  involves  the  sebaceous  glands  of 
the  borders  of  the  lids  produces  hordeolum  or  stye.  The  large  size  of 
the  glands  in  this  region,  the  nature  of  the  surrounding  tissues,  and 
the  ease  with  which  infection  may  take  place,  account  for  the  differ- 
ence between  hordeolum  and  acne  as  it  appears  in  other  portions  of 
the  integument. 

Favus,  lichen  ruber,  acne  rosacea,  milium,  and  erythema  multi- 
forme, all  may  appear  on  the  skin  of  the  lids,  but  they  present  few 
characteristics  differing  from  those  seen  when  they  are  found  in  other 
portions  of  the  face. 

Furuncle  is  occasionally  seen  in  the  upper  lid,  causing  marked 
tumefaction  and  redness. 

MoUuscum  contagiosum  may  appear  on  the  lids,  and  Mittendorf 
has  observed  two  epidemics  occurring  in  a  hospital. 

Elephantiasis  arabum  is  sometimes  confined  to  the  lids,  though 
generally  appearing  with  a  similar  condition  m  other  parts  of  the  body. 

Pemphigus  of  the  conjunctiva  is  occasionally  observed,  and 
ichthyosis,  in  addition  to  causing  shortening  of  the  Uds,  may  extend 
to  the  conjunctiva  and  eyeball. 

Phthiriasis  of  the  edges  of  the  lids  may  sometimes  be  recognized 
by  the^  presence  of  nits  upon  the  eyelashes,  and  sycosis  and  other 
parasitic  affections  are  occasionally  found  in  this  region. 
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Purpura  may  provoke  small  hemorrhages  in  the  skin  of  the  lid  and 
under  the  conjunctiva  and  into  the  retina,  as  well  as  in  other  portions 
of  the  body. 

Impetigo  and  psoriasis  sometimes  invade  the  skin  of  the  lids,  the 
conjunctiva  and  conjunctival  portions  of  the  cornea. 

Urticaria  is  found  occasionally  on  the  lids,  and  iritis  and  paralysis 
of  accommodation  may  be  present  as  a  result  of  the  toxic  element 
causing  the  skin  eruption. 

Alopecia  of  the  brows  and  lashes,  often  complete,  may  be  found 
either  wdth  or  without  manifestations  elsewhere. 

Lupus  as  a  local  manifestation  of  tuberculosis  is  more  properly 
treated  under  the  head  of  infectious  diseases,  where  erysipelas  is  also 
considered. 

Pellagra,  due  to  ingestion  of  a  fungus  of  maize  by  poorly  nourished 
individuals,  according  to  Rampoldi,  produces  torpor  of  the  retina, 
retinitis  pigmentosa,  atrophy  of  the  optic  nerve,  disappearance  of  the 
choroidal  pigment,  marantic  ulcers  and  necrosis  of  the  cornea,  and 
opacities  of  the  lens  and  vitreous. 

DISEASES  OF  THE  BRAIN  AND  SPINAL  CORD. 

Cerebral  Hjrpersemia  and  Anaemia.  With  the  exception  of  cer- 
tain conditions  accompanied  by  prolonged  venous  hypersemia  or 
congestion  of  the  brain,  as  is  sometimes  seen  in  epilepsy  of  long 
standing,  we  look  in  vain  to  the  ophthalmoscope  for  information  as 
to  the  condition  of  the  cerebral  circulation,  although  it  is  of  the 
utmost  value  in  studying  diseases  of  the  bloodvessels,  as  in  such 
conditions  as  arterio-capillary  sclerosis,  etc.,  pronounced  hyper- 
aemia  or  antemia  of  the  brain  may  coexist  with  a  normal  fundus, 
and  the  existence  of  hypersemia  of  the  retina  may  not  be  accepted 
as  proof  that  a  corresponding  condition  will  be  found  in  the 
brain.  Those  unfamiliar  with  the  physiological  variations  in  the 
appearance  of  the  normal  fundus  not  infrequently  fall  into  serious 
error  in  the  inferences  they  draw  as  to  the  condition  of  the  cerebral 
circulation.  Indeed,  the  author  has  known  high  authorities  on  dis- 
eases of  the  nervous  system,  but  with  limited  experience  in  the  use 
of  the  ophthalmoscope,  to  be  entirely  misled,  and  to  base  a  most  grave 
prognosis  upon  the  apparent  congestion  of  the  retinal  vessels  familiar 
to  every  experienced  ophthalmologist  as  one  of  the  characteristics 
of  high  degrees  of  hypermetropia. 

While,  if  taken  alone,  hyperjemia  or  ansemia  of  the  retina  is  not 
to  be  relied  upon  as  evidence  of  a  similar  condition  of  the  brain,  if 
found  associated  with  other  symptoms,  it  may  be  of  considerable 
value. 

Anjemia  of  the  brain  is  often  accompanied  by  inactivity  of  the 
pupillary  reflex  with  dilatation,  while  contraction  of  the  pupils  is 
characteristic  of  cerebral  congestion. 
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Cerebral  Hemorrhage.  In  estimating  the  relative  importance  and 
significance  of  tlie  various  ocular  manifestations  of  cerebral  hemor- 
rhage or  apoplexy,  the  complex  nature  of  the  conditions  with  which 
we  are  dealing  should  constantly  be  kept  in  mintl.  The  location  of 
the  hemorrhage,  the  extent  of  the  extravasation,  the  suddenness  with 
which  it  makes  its  appearance,  and  the  time  that  has  elapsed  since 
its  occurrence  should  all  be  taken  into  account,  and  we  must  remember 
that  some  of  the  eye  symptoms  may  be  due  to  absolute  destruc- 
tion of  certain  portions  of  the  brain  tissue,  while  others  are  the  result 
of  paralysis  due  to  temporary  pressure  in  a  zone  surrounding  the 
clot,  and  others  again  are  to  be  attributed  to  the  irritation  which 
occurs  in  a  zone  still  farther  removed  from  the  seat  of  actual  hemor- 
rhage. 

A  sudden  and  overwhelming  hemorrhage  may  at  first  abolish  the 
function  of  both  hemispheres,  whereas  the  later  developments,  if 
death  does  not  ensue,  will  show  on  which  side  the  lesion  is  to  be 
found,  and  for  a  short  time  we  may  have  homonymous  hemianopsia 
in  the  visual  field  on  the  side  opposite  the  hemorrhage.  Conjugate 
deviation  of  the  head  and  eyes  toward  the  side  of  the  lesion  is  also 
of  frequent  occurrence.  This  is  attributed  by  Knies  to  irritation 
occurring  in  the  opposite  hemisphere. 

Hemorrhage  into  the  visual  cortex  may  in  some  instances  cause 
very  few  of  the  symptoms  usually  associated  with  apoplexy.  There 
may  be  only  temporary  vertigo  with  a  sudden  attack  of  homony- 
mous hemianopsia.  If  the  hemianopsia  is  permanent,  we  may  infer 
that  the  hemorrhage  has  been  of  such  a  character  as  to  destroy  the 
entire  visual  centre. 

Should  the  hemorrhage  be  not  too  extensive,  a  fairly  accurate 
diagnosis  may  sometimes  be  made  at  the  beginning  of  an  attack; 
before  the  more  or  less  confusing  secondary  and  remote  symptoms 
have  developed,  or  after  these  symptoms  have  run  their  course;  but 
during  their  presence  it  is  difficult  accurately  to  differentiate  them 
from  the  symptoms  which  are  the  essential  and  permanent  results 
of  the  lesion. 

Hemorrhage  into  the  subarachnoid  or  subdural  space  is  apt  to 
produce  symptoms  which  resemble  those  of  meningitis.  Mj^driasis, 
occasionally  as  the  result  of  irritation  of  the  sympathetic,  but  gener- 
ally due  to  pressure  upon  and  paralysis  of  the  motor  oculi,  is  not  infre- 
quently seen.  Myosis  is  of  rare  occurrence ;  it  results  from  hemor- 
rhage _  into  the  ventricles,  and  in  some  instances,  probably  from 
irritation  produced  by  hemorrhage,  causing  pressure  upon  the  nuclei 
of  the  ocular  muscles.  If  a  hemorrhage  is  of  such  extent  as  to  destroy 
the  primary  optic  ganglia,  the  chiasm,  or  optic  tracts,  we  may  have 
partial  or  complete  atrophy  of  the  optic  nerves. 

Optic  neuritis,  choked  disk,  and  partial  or  complete  atrophy  of 
the  optic  nerves  are  seen  occasionally  in  cerebral  hemorrhage;  but 
evidence  supplied  by  the  ophthalmoscope  is  of  far  less  value  in  this 
disease  than  in  the  case  of  tumors  or  meningitis. 
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It  should  be  remembered  that  diseases  such  as  albuminuria,  dia- 
betes, atheroma  of  the  bloodvessels,  etc.,  which  may  predispose  to 
cerebral  hemorrhage  often  produce  hemorrhages  and  other  character- 
istic lesions  of  the  retina  and  optic  nerve,  independently  of  those 
which  may  result  from  extravasations  into  the  tissues  of  the  brain, 
and  in  old  people  the  condition  of  the  bloodvessels  which  favors 
extravasation  into  the  brain  is  indicated  not  infrequently  by  recurring 
attacks  of  conjunctival  hemorrhage. 

Embolism  and  Thrombosis  of  the  Cerebral  Vessels.  A  cerebral 
embolism,  if  not  infectious,  leads  to  degeneration  or  softening  and 
necrosis  of  the  brain  tissue  supplied  by  the  vessel  whose  course  it 
obstructs,  and  a  non-infectious  thrombosis  or  a  circumscribed  hemor- 
rhage will  produce  similar  effects,  though  the  clear-cut  and  well- 
defined  lesion  produced  by  an  emloolus  often  renders  it  possible  to 
determine  quite  accurately  its  location  by  the  resulting  focal  symp- 
toms ;  and  if  it  is  situated  in  the  visual  cortex,  in  the  occipital  lobe, 
in  the  primary  optic  ganglia,  or  in  the  course  of  the  optic  tracts,  in 
the  cortical  centres  or  primary  ganglia  of  the  motor  nerves  of  the 
eye,  the  characteristic  paralytic  symptoms  will  develop  promptly 
after  a  brief  period  of  reaction.  Symmetrical,  bilateral  softening  of 
the  optic  centres  has  been  reported  in  a  number  of  instances,  and 
Wilbrand  mentions  one  case  ui  which  double  choked  disk  occurred 
(Knies) . 

An  infectious  embolus  or  thrombosis  leads  to  the  formation  of  a 
cerebral  abscess  with  its  characteristic  symptoms,  while  an  infectious 
thrombosis  of  the  cavernous  sinus  may,  in  addition  to  the  other 
symptoms  of  an  abscess  at  the  base  of  the  brain,  result  in  orbital 
suppuration  with  its  long  train  of  disastrous  effects.  The  eyeball  is 
protruded  and  fixed  by  infiltration  of  the  orbital  tissues,  the  conjunc- 
tiva becomes  chemotic,  the  lids  swollen,  and  there  follows  blindness 
with  a  widely  dilated  and  immovable  pupil.  If  the  thrombotic 
process  includes  the  ophthalmic  vein,  the  ophthalmoscope  reveals 
distended  retinal  veins,  with  injection  of  the  nerve  head  and  retinal 
hemorrhages.  Later,  as  the  infectious  process  extends,  we_  have 
opacity  and  ulceration  of  the  cornea,  and  finally  panophthalmitis. 

In  the  early  stages  of  the  infectious  process,  and  during  the  progress 
of  a  non-infective  or  marantic  thrombosis  of  the  cavernous  sinus, 
the  ophthalmoscope  renders  most  valuable  assistance,  especially  in 
distinguisliing  the  latter  condition  from  meningitis.  In  both  menin- 
gitis and  non-infectious  thrombosis  of  the  cavernous  sinus  there  rnay 
be  paralysis  of  the  motor  nerves,  insensibility  of  the  trigeminus,  with, 
its  consequences  in  conjunctival  and  corneal  anaesthesia,  partial  or 
complete  paralysis  of  the  optic  nerve,  and  more  or  less  cedema  of  the 
lids,  and  protrusion  of  the  eyeball  from  involvement  of  the  orbit. 
In  meningitis  we  may  have  congestion  and  even  pronounced  optic 
neuritis;  "but  the  marked  stasis  of  the  retinal  veins  which  is  found 
in  thrombosis  of  the  sinus  with  thrombosis  of  the  ophthalmic  vein 
is  never  observed"  (Knies). 
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Abscess  of  the  Brain.  The  ocular  symptoms  produced  by  abscess 
of  the  brain  may  be  the  same  as  those  about  to  be  enumerated  as 
resulting  from  tumor;  but,  in  addition,  there  is  the  general  evidence 
of  an  infective  iDrocess  acting  as  a  cause;  and  it  should  be  borne  in 
mind  that  some  of  the  ocular  manifestations,  such  as  septic  choroid- 
itis, embolism,  and  thrombosis,  may  result  directly  from  this  infective 
process  rather  than  from  the  coincident  cerebral  abscess. 

As  in  tumor,  we  may  find  diffuse  and  local  effects  manifested  in 
choked  disk  and  obstructive  neuritis,  which  latter  i^'apttto  be  bilat- 
eral, and  is  the  most  characteristic  ophthalmoscopic  manifestation. 
There  may  be  paralysis  of  the  motor  and  sensory  nerves,  preceded 
by  spastic  contractions  of  muscles  and  other  evidences  of  the  existence 
of  a  zone  of  irritation  near  the  abscess.  As  the  abscess  may  be  prac- 
tically stationary  or  rapidly  pi-ogressive,  the  various  ocular  manifes- 
tations  inay  be  of  prolonged  duration  or  follow  one  another  in  quick 
succession,  and  in  the  event  of  a  rupture  we  may  have  a  fatal  ter- 
mination preceded  by  the  ocular  and  general  evidences  of  purulent 
meningitis,  with  paralysis  of  the  fifth  nen^e,  neuroparalytic  keratitis, 
etc.  Perforation  into  the  ventricles  may  be  attended  by  marked 
myosis,  which  is  attributed  by  Knies  to  direct  irritation  of  the 
sphincter  nuclei. 

The  prognosis  after  operation,  so  far  as  the  eye  is  concerned, 
depends  upon  the  location  and  extent  of  the  damage  to  the  brain 
tissue._  The  irritative  symptoms  may  subside,  as  may  the  optic 
neuritis,  and  to  some  extent  vision  may  be  restored;  but  if  the  visual 
cortex  has  been  seriously  involved,  we  are  apt  to  have  not  only  im- 
paired vision  and  limitation  of  the  visual  fields,  but  also  defective 
color  sense  (Knios). 

Tumors  of  the  Brain.  Almost  all  forms  of  neoplasm  are  found  in 
the  cranial  cavity,  although  some,  such  as  lipoma,  which  are  common 
in  other  localities,  very  rarely  appear  in  the  brain.  Tubercular 
tumors  are  more  common  in  the  brain  than  elsewhere,  and  sarcomata 
and  syphilitic  tumors  are  of  frequent  occurrence,  the  latter  being 
often  associated  with  gummatous  meningitis.  Glioma  is  almost  ex- 
clusively a  cerebral  tumor,  being  found  in  the  brain  and  spinal  cord, 
and  in  no  other  part  of  the  body,  excepting  the  retina,  from  which 
it  often  extends  to  the  brain. 

The  symptoms  produced  in  the  eye,  as  in  other  parts  of  the  periph- 
eral nervous  system,  differ  greatly  in  accordance  ^^dth  the  size,  period 
of  growth,  and  location  of  the  tumor;  and  it  sometimes  happens  that 
a  gro^vth  which  later  causes  irritation,  and  finally  destruction  of  the 
parts  with  which  it  lies  in  contact,  may  in  the  earlier  stages  of  its 
development  produce  only  general  symptoms  of  diffuse  intracranial 
pressure.  Tumors  of  the  anterior  and  middle  fossa  may  invade  the 
orbit  and  cause  exophthalmos. 

Choked  disk  or  optic  neuritis,  usually  double,  and  attacks  of  tem- 
porary total  loss  of  sight  due  to  general  intracranial  pressure,  indicate 
the  presence  of  a  tumor  of  the  brain,  although  other  evidence  i§  neces- 
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sary  to  enable  us  to  form  an  opinion  as  to  its  location.  The  size  of 
a  tumor  seems  to  have  little  influence,  and  the  choked  disk  or  optic 
neuritis  which  appears  is  not  merely  the  result  of  mechanical  pressure. 

In  addition  to  the  general  symptoms  of  cerebral  compression  accom- 
panying brain  tumor,  such  as  headache,  hebetude,  drowsiness,  vomit- 
ing, a  slow  pulse,  and  dilatation  of  the  pupils,  there  is  sometimes 
evidence  of  pressure  on  parts  far  removed  from  the  seat  of  the  growth, 
which  is  apt  to  be  very  misleading  in  our  attempts  at  localization. 
Owing  to  its  long  course,  the  sixth  nerve  is  especially  apt  to  be  affected 
by  such  indirect  pressure,  producing  paralysis  of  the  external  rectus. 

If  the  tumor  is  of  such  a  nature  as  to  provoke  irritation  as  well 
as  pressure,  we  may  have  conjugate  deviation  of  the  eyes  and  head, 
concentric  narrowing  of  the  visual  fields,  and  paroxysmal  attacks  of 
bilateral  blindness. 

Wliile  choked  disk  is  not  always  one  of  the  early  symptoms  of 
brain  tmiior,  it  is  one  of  the  most  important,  appearing  at  some 
stage  in  about  80  per  cent,  of  the  cases;  and  if  this  symptom  is  not 
found  in  some  stage,  the  other  evidence  on  which  the  diagnosis  of 
cerebral  neoplasm  is  based  should  be  very  convincing.  It  is  said  to 
be  more  frequent  in  tumors  of  the  cerebellum  than  in  those  of  the 
frontal  lobes,  and  may  be  produced  by  a  tumor  in  any  part  of  the 
brain,  although,  if  the  neoplasm  is  in  the  membranes  on  the  convexity 
and  merely  compresses  the  brain,  it  is  less  apt  to  produce  choked 
disk  or  optic  neuritis  than  when  it  invades  the  cerebral  tissues 
(Gowers).  Choked  disk  is  sometimes  found  even  in  tumor  of  the  spinal 
cord.  Some  eminent  writers  on  nervous  diseases  ignore  the  distinc- 
tion between  choked  disk  and  obstructive  neuritis,  but  it  is,  neverthe- 
less, an  important  one,  for,  while  undoubtedly  some  degree  of  neuritis 
finally  develops  in  almost  every  case  of  choked  disk,  there  often 
exists  in  the  early  stages  a  true  oedema  of  the  nerve  head  in  which 
the  tissues  are  quite  translucent  and  do  not  present  the  appearance 
of  vascularity  and  inflammation  seen  in  optic  neuritis.  This  cedema 
is  not  necessarily  accompanied  by  marked  impairment  of  vision. 
Choked  disk  with  tumor  of  the  brain  is  usually,  although  not  always, 
bilateral,  and  it  does  not  necessarily  indicate  that  the  growth  is  large 
or  is  located  near  those  parts  of  the  brain  which  are  especially  con- 
cerned with  vision.  Indeed,  while  rapidly  growing  and  large  tumors 
are  apt  to  produce  it,  small  growths  by  causing,  as  they  often  do, 
dropsy  of  the  ventricles,  are  accompanied  not  infrequently  by  marked 
oedema,  of  the  nerve  head. 

Choked  disk  and  optic  neuritis,  if  maintained  for  a  sufficient  length 
of  time,  will  almost  inevitably  lead  to  contraction  of  the  visual  field, 
with  extension  of  the  blind  spot,  and  sometimes  central  scotoma, 
followed  by  atrophy  of  the  optic  nerve  and  blindness.  Exceptions 
to  this  are  found  in  those  rare  cases  in  which  a  cure  is  effected  by 
operative  or  other  measures,  and  especially  in  neoplasms  of  syphilitic 
origin,  when  in  the  proper  stage  active  treatment  with  mercurials 
and  iodides  succeeds  in  bringing  about  absorption. 
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In  a  number  of  instances^  where  operative  interference  has  been 
unsuccessful  so  far  as  removal  of  the  tumor  was  concerned,  marked 
freedom  from  pain  and  restoration  of  vision  have  followed  the  relief 
from  pressure  on  the  cerebral  tissue. 

While  choked  disk  is  one  of  the  most  positive  indications  of  the 
presence  of  an  intracranial  growth,  it  should  be  borne  in  mind  that 
it  is  simply  an  oedema  of  the  nerve  head  accompanied  by  distention 
of  the  sheath  of  the  nerve,  and  that  there  are  other  conditions  as 
well  as  tumor  which  may  produce  it  occasionally.  Among  these  may 
be  mentioned  abscess  of  the  brain  and  cerebral  hemorrhage.  It  has 
also  been  seen  after  profuse  hemorrhage  in  other  portions  of  the  body 
and  in  cases  of  leuktemia,  albuminuria,  and  diabetes;  but  there  is 
usually  other  evidence  to  aid  in  establishing  the  diagnosis. 

Tumors  of  the  brain  in  a  certain  proportion  of  cases  cause  optic 
neuritis,  followed  by  atrophy  without  choked  disk.  "Oppenheim 
observed  typical  choked  disk  fourteen  times,  neuritis  five  times,  and 
hyperaunia  of  the  papilla  once  "  (Knies).  And  we  may  in  some  cases 
have  atrophy  of  the  nerve  without  either  choked  disk  or  neuritis. 

Taken  with  other  evidence,  choked  tlisk,  obstructive  neuritis,  simple 
optic  neuritis,  and  progressive  atrophy  of  the  optic  nerve  are  of  great 
value  in  determining  the  character  of  a  brain  lesion;  but  alone  they 
should  not  be  considered  as  a  sufficient  basis  on  which  to  make  a 
positive  diagnosis. 

Aneurism,  by  pressure  and  irritation,  produces  effects  upon  the  eyes 
similar  to  those  resulting  from  other  tumors,  and  in  very  rare  and 
exceptional  instances  a  tumor  may  be  so  situated  as  to  produce  a 
group  of  focal  eye  symptoms  almost  as  clearly  defined  as  those  some- 
times observed  in  cases  of  embolism  and  softening.  These  syn^Dtoms 
may  present  themselves  in  the  form  of  cortical  blindness  or  hemian- 
opsia, mind  blindness,  alexia,  visual  aphasia,  dyslexia,  amnesic  color 
blindness,  and  visual  hallucinations,  or  cortical  disturbance  of  the 
ocular  movements,  such  as  conjugate  deviation  of  the  eyes,  often 
accompanied  by  deviation  of  the  head  in  the  same  direction.  If  the 
tumor  happens  to  press  upon  the  gray  matter  around  the  aqueduct 
of  Sylvius  or  in  the  floor  of  the  fourth  ventricle,  it  produces  nuclear 
ocular  palsy  or  ophthalmoplegia— external  if  affecting  the  orbital 
muscles,  as  the  recti  and  oblique  muscles ;  or  internal  if  affecting  the 
iris  and  ciliary  muscle.  If  the  tumor  lies  in  such  a  position  as  to 
affect  the  efferent  fibres  of  the  ocular  nerves  in  the  crus  cerebri  or 
pons,  between  the  nuclei  and  their  point  of  emergence  at  the  base  of 
the  brain,  we  have  what  is  termed  fascicular  'paralysis  of  the  tliird, 
fifth,  sixth,  or  seventh  nerve,  which  is  sometimes  spoken  of  as  crossed 
or  alternate  paralysis.  And  when  situated  at  the  base,  in  addition 
to  its  effect  upon  the  optic  tract,  a  tumor  may  cause  paralysis  of  any 
or  all  of  the  nerves  supplying  the  external  and  internal  ocular  muscles, 
as  well  as  the  fifth  nerve. 

•  Swanzy,  in  Norris  and  Oliver's  System  of  Diseases  of  the  Eye,  vol.  iv.  p.  545. 
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If  found  in  the  corpora  quadrigemina,  a  tumor  may  produce  oculo- 
motor paralysis,  a  reeling  gait,  with  possibly  blindness  and  deafness. 

The  differential  diagnosis  between  tumor  and  abscess  of  the  brain 
is  not  always  easily  made.  They  may  have  in  common  headache, 
vomiting,  choked  disk,  or  optic  neuritis  (generally  double),  and 
mental  disturbance;  while  tumor  is  apt  to  cause  in  addition  the  well- 
marked  focal  symptoms  enumerated  above,  with,  at  times,  hemiplegia. 
Fever  and  rigor  favor  abscess.  The  cause  of  abscess  is  often  very 
clear,  being  frequently  traceable  to  a  focus  of  suppuration,  such  as 
purulent  otitis  media,  while  that  of  tumor  is  obscure. 

Meningitis  in  its  various  forms  gives  rise  to  a  variety  of  ocular 
lesions  of  the  most  serious  character.  In  general  they  are  the  direct 
result  of  the  action  of  the  exudate  upon  the  visual  centres,  ganglia, 
or  optic  tracts,  and  upon  the  points  of  origin  or  trunks  of  the  motor 
and  sensory  nerves;  or  they  may  be  due  to  secondary  infection  of  the 
eye  from  the  septic  material  which  is  characteristic  of  the  meningeal 
inflammation.  If  the  process  is  extensive,  we  may  find  the  eye 
congested,  hyperajsthetic,  and  sensitive  to  light  in  the  early  stages; 
and  soon  symptoms  will  develop  which  indicate  whether  the  inflam- 
matory process  affects  the  convexity  of  the  brain  or  the  base._  If  the 
former,  we  may  have  in  the  early  stages  an  homonymous  hemianopsia 
with  the  pupillary  reaction  to  light  preserved,  or  both  cortical  centres 
may  be  involved,  affecting  both  halves  of  the  retina  of  each  eye. 

In  acute  cases  the  inflammatory  process  usually  extends  rapidly, 
so  that  conjugate  deviation  and  other  symptoms  pointing  to  a  cor- 
tical lesion  are  transitory  in  character;  and  as  in  a  large  proportion  of 
cases  of  meningitis  there  is  an  exudate  at  the  base  of  the  brain,  the 
ocular  manifestations  are  apt  to  be  peripheral  and  the  result  of 
cither  irritation  or  paralysis  of  the  nerve  trunl^s  which  are  embedded 
in  the  exudate  and  reach  the  eye  through  the  apex  of  the  orbit. 

The  abducens  is  attacked  most  frequently,  the  motor  oculi  rarely; 
and  the  presence  of  hyperesthesia,  paraisthesia,  and  anajsthesia  m 
the  cutaneous  surface  of  the  face,  with  neuroparalytic  keratitis, 
indicates  involvement  of  the  trigeminus. 

Among  the  symptoms  of  irritation  we  may  have  contraction  of  the 
ocular  muscles,  producing  various  forms  of  strabismus,  and  rarely 
nystagmus. 

Paralysis  of  the  facial  nerve,  leading  to  lagophthalmos,  which  may 
be  accompanied  by  deafness  from  involvement  of  the  auditory  nerve, 
is  one  of  the  possible  results  when  the  exudate  is  found  in  the  middle 
fossa.  In  basilar  meningitis  vision  may  be  affected  by  involvement 
of  the  tractus,  by  optic  neuritis,  extension  to  the  orbits,  generally 
along  the  veins,  producing  chemosis,  and  perhaps  later  orbital  cellu- 
litis, fixation,  and  protrusion  of  the  eyeballs,  etc.,  or  by  the  production 
of  a  seroplastic  or  purulent  choroiditis  sometimes,  though  rarely, 
terminating  in  panophthalmitis. 

A  degree  of  optic  neuritis  presents  itself  in  some  stage  of  the 
majority  of  cases  of  cerebral  meningitis,  and  although,  unfortunately, 
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it  sometimes  happens  that  it  cannot  be  detected  sufficiently  early  to 
be  the  means  of  establishing  the  diagnosis,  in  many  instances  it  is  of 
the  utmost  value.    When  fully  developed,  it  is  generally  bilateral. 

Doubt  as  to  the  cUfferential  diagnosis  between  typhoid  fever  or 
pneumonia  on  the  one  hand,  and  meningitis  on  the  other,  may  some- 
times be  decided  by  means  of  the  ophthalmoscope. 

Optic  neuritis,  as  seen  vnth.  the  ophthalmoscope,  may  vary  in 
degree  from  simple  hyi3er£emia  to  a  decided  papiUitis,  although  great 
swelling  of  the  disk  is  not  often  seen,  as  in  cerebral  tumor  and  some 
cases  of  abscess.  There  is  usually  an  absence  of  pronounced  exudation 
and  hemorrhage ;  but  a  certain  cloudiness  of  the  tissues  of  the  nerve 
head,  with  blm'ring  and  indistinctness  of  its  outlines,  is  in  keeping  with 
the  fact  that  the  microscope  reveals  infiltration  of  the  pial  sheath 
and  connective  tissue,  especially  toward  the  periphery  (Knies). 

A  dense,  chalky-white  disk  with  sharp  outlines  and  marked  nar- 
rowing of  the  bloodvessels,  is  seen  in  the  atrophic  stage,  with  often 
complete  blindness,  though  in  some  cases  the  amount  of  vision  re- 
maining seems  entirely  out  of  proportion  to  the  evidences  of  atrophy 
as  seen  with  the  ophthalmoscope.  When  some  vision  remains,  how- 
ever, we  are  apt  to  have  irregular  narrowing  of  the  visual  fields, 
scotomata,  and  defective  color  sense. 

A  septic  ("metastatic")  exudative  choroiditis  sometimes  develops 
in  the  early  stages  of  simple  meningitis,  especially  in  young  children, 
although  it  may  also  appear  at^  a  late  period  and  in  other  forms  of 
the  disease;  or  it  may  be  di.scovered  after  the  active  symptoms  have 
subsided.  It  is  generally  unilateral,  although  both  eyes  may  be 
affected;  and  it  is  said  to  be  of  embolic  origin,  sometimes  being 
found  in  cases  of  ulcerative  endocarditis,  in  puerperal  fever,  recurrent 
fever,  typhoid  fever,  scarlatina,  mumps,  erysipelas,  etc.  (Noyes). 

This  condition  of  the  eye  not  infrequently  escapes  the  attention  of 
the  attending  physician  during  the  active  period  of  the  disease  to 
which  it  owes  its  origin,  but  usually  presents  well-marked  and  easily 
discoverable  local  symptoms  of  a  low  grade  of  irido-cyclo-choroiditis, 
sometimes  accompanied  by  marked  ciliary  injection,  iritic  exudation 
and  adhesions,  parenchymatous  keratitis,  and  even  hypopyon.  If 
the  above  symptoms  of  iritis  and  keratitis  are  absent,  the  ophthalmo- 
scope, or  sometimes  oblique  illumination,  will  reveal  the  purulent 
exudate  in  the  choroid  and  retina,  which  often  extends  so  far  forward 
in  the  vitreous  chamber  as  to  lie  in  contact  with  the  posterior  surface 
of  the  lens,  and,  especially  when  bloodvessels  develop  on  its  surface, 
it  closely  resembles  glioma  of  the  retina — pseudoglioma.  Such  eyes 
are  usually  soft  and  easily  irritated,  but  sometimes  retain  their  normal 
external  appearance,  although  often  in  later  years  they  undergo  degen- 
erative changes,  becoming  quadrate  under  the  pressure  of  the  recti 
muscles,  and  developing  degenerative  keratitis  and  calcification  of  the 
crystalline  lens. 

Instances  have  been  recorded  in  which,  after  the  formation  of  a 
moderate  amount  of  exudate,  absorption  has  taken  place  and  vision 
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has  been  restored,  though  such  cases  must  be  extremely  rare.  We 
may  also  have  in  meningitis,  as  in  certain  other  diseases  accompanied 
by  typhoid  symptoms,  mild  grades  of  cyclitis  and  choroiditis,  which 
sometimes  recover  without  leaving  serious  impairment  of  vision. 

Acute  tubercular  meningitis  is  in  about  15  per  cent,  of  the  cases 
accompanied  by  miliary  tubercles  in  the  choroid,  which  may  be  made 
out  with  the  ophthalmoscope  as  pale  yellowish  spots  which  are  some- 
what prominent  and  vary  in  size  from  0.5  mm.  to  2.5  mm.  They 
are  unaccompanied  by  pigmentation,  and  seem  to  be  more  common 
in  the  neighborhood  of  the  macula  lutea  and  disk.  More  are  often 
found  post-mortem. 

Paralyses  of  the  ocular  muscles  are  often  seen  in  tubercular  menin- 
gitis, as  it  is  prone  to  attack  the  base  of  the  brain,  and  optic  neuritis 
is  more  common  in  this  than  in  any  other  form,  especially  if  the 
tubercular  exudate  at  any  point  appears  as  a  tumor. 

Cerebrospinal  meningitis  is  very  apt  at  some  stage  to  be  the  cause 
of  most  serious  involvement  of  the  eyes.  In  the  early  stages  we  may 
have  swelling  of  the  Hds,  conjunctivitis  with  cedema,  and  photophobia 
with  contracted  or  dilated  pupils  which  are  often  unequal.  Keratitis 
is  not  uncommon,  and  iridochoroiditis  and  retinitis  with  optic  neu- 
ritis, or  paralysis  of  the  optic  nerve  without  apparent  neuritis,  are 
of  frequent  occurrence.  What  has  been  said  under  the  head  of  septic 
or  metastatic  choroiditis  as  occmring  in  meningitis  in  general,  applies 
especially  to  this  form  of  the  disease. 

Whether  or  not  the  pneumococci  reach  the  eye  through  the  lymph 
spaces  of  the  optic  nerve  has  not  as  yet  been  proved  (Axenfeld) ; 
but  that,  in  some  instances,  they  reach  it  by  way  of  the  circulation 
through  general  systemic  embohc  poisoning  has  been  established.^ 

The  prognosis  as  to  life,  and  especially  as  to  sight,  is  most  grave. 

Pachymeningitis  produces  eye  symptoms  which  vary  with  its  loca- 
tion. As  it  is  most  frequently  found  on  the  convexity  of  the  brain, 
the  eye  symptoms  are  apt  to  be  cortical  in  nature,  though  when 
associated  with  hemorrhage  the  more  diffuse  symptoms  usually  seen 
with  the  tvmior  may  be  added. 

A  circumscribed  meningitis  presenting  few  of  the  other  symptoms 
found  with  more  general  inflammation  of  the  membranes  may  be 
accompanied  in  the  early  stages  by  color  phantasms,  nyctalopia,  etc., 
and  at  a  later  period  cause  impaired  vision,  scotomata,  limitation  of 
the  visual  fields,  and  disturbance  of  color  sense.  The  ophthalmoscope 
may  at  first  reveal  neuritis,  which  is  followed  by  more  or  less  com- 
plete atrophy  of  the  optic  nerve  (Knies). 

Metastatic  purulent  meningitis  may  result  from  purulent  inflamma- 
tion of  the  eye,  especially  from  traumatic  panophthalmitis. 

A  number  of  instances  have  been  recorded,  some  of  which  have 
occurred  after  enucleation,  and  this  has  been  used  as  an  argument 
against  enucleation  in  panophthalmitis;  but  both  logic  and  expe- 
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rience  teach  us  that  the  case  must  be  an  unusual  one,  indeed,  in  which 
removal  of  such  a  source  of  infection  will  not  increase  the  patient's 
chance  of  escaping  meningitis. 

Insanity.  While  the  insomnia  and  excitement  incident  to  many- 
forms  of  insanity  may  lead  to  marked  injection  of  the  bulbar  con- 
junctiva, and  while  variations  in  the  pupil  may  be  noted,  and  atrophic 
and  degenerative  disease  of  the  nerve,  retina,  and  choroid  be  found 
as  the  result  of  a  disease  which  is  a  direct  or  indirect  cause  of  mental 
disorders,  it  cannot  properly  be  said  that  there  is  any  affection  of 
the  eye  which  can  be  directly  attributed  to  insanity. 

Hallucinations  of  sight  which  are  visual  perceptions  not  founded 
on  an  objective  reality,  and  visual  illusions  which  are  misinterpre- 
tations of  sensory  images,  when  they  cease  to  be  recognized  by  the 
subject  as  hallucinations  and  illusions,  are  among  the  more  common 
manifestations  of  insanity. 

Post-operative  delirium,  and  even  insanity  are  by  no  means  uncom- 
mon after  iridectomy  and  the  extraction  of  cataract;  and  when  we 
consider  the  prolonged  suspense,  the  state  of  mental  excitement  with 
physical  inactivity  incident  to  the  operation  and  after-treatment, 
and  the  fact  that  all  light  is  generally  excluded,  it  is  not  strange  that 
judgment  sometimes  ceases  to  hold  sway  over  the  hallucinations 
excited  by  such  an  ordeal.  It  is  a  fact,  however,  that  such  mental 
disturbances  seldom  manifest  themselves  excepting  among  those 
predisposed  to  such  affections. 

It  sometimes  happens  after  operation  upon  the  eye  that  the  ten- 
dency to  delirium  is  greatly  increased  by  the  effect  of  atropine,  used 
to  prevent  the  formation  of  iritic  adhesions,  and  caution  in  its  admin- 
istration may  prevent  the  development  of  most  troublesome  symp- 
toms. 

General  Paralysis  of  the  Insane.  In  view  of  the  wide  distribution 
and  character  of  the  cerebral  lesions  in  paretic  dementia,  it  is  not 
strange  that  we  should  have  a  variety  of  ej'^e  symptoms  which,  owing 
to  the  fact  that  they  often  make  their  appearance  at  an  early  period, 
are  of  the  greatest  diagnostic  and  prognostic  value. 

Trophic  and  vasomotor  disorders  occur  in  the  eye  as  elsewhere; 
but  it  is  to  the  cortical  visual  disturbances,  mind  blindness,  and 
hemianopsia,  paroxysmal  or  permanent,  and  to  atrophy  of  the  optic 
nerve,  and  especially  disturbances  of  innervation  of  the  intrinsic  and 
extrinsic  ocular  muscles,  that  our  attention  will  be  directed. 

Paralysis  of  the  orbital  muscles,  cycloplegia,  and  pupillarj^  anom- 
alies, such  as  mydriasis,  myosis,  irregularity  of  shape,  inequality  in 
the  two  eyes,  and  disturbance  of  the  pupillary  reflex  often  appear 
in  the  prodromal  stage;  but,  as  a  great  variety  of  cerebral  lesions 
due  to  widely  different  causes  may  produce  similar  symptoms,  the 
largest  experience  and  the  utmost  caution  and  judgment  are  often 
necessary  to  enable  the  observer  to  interpret  them  correctl5^  Their 
value  should  carefully  be  estimated  when  taken  in  connection  with 
the  evidence  derived  from  other  sources. 
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Many  striking  cases  are  on  record  in  which  some  comparatively 
slight  pupillary  anomaly  has  served  as  the  warning  note  of  approach- 
ing insanity;  but  every  ophthalmologist  of  wide  experience  sees 
numerous  cases  of  pupillary  anomalies  and  unaccountable  paralysis 
of  the  extrinsic  ocular  muscles  which  are  never  followed  by  such 
dire  consequences;  and  while  these  symptoms  are  undoubtedly  of 
great  significance,  the  necessarily  complicated  nature  of  the  subject 
and  the  hmitations  of  our  knowledge  of  the  brain  should  warn  us 
to  exercise  caution  in  our  attempts  to  interpret  them. 

Mind  blindness  when  present  in  dementia  is  generally,  though  not 
always,  found  in  the  later  stages.  Schweigger  reports  a  most  remark- 
able case  treated  by  Wernicke  in  which,  "with  good  acuteness  of 
vision  and  without  any  absolute  dt^fect  in  the  field,  there  were  dis- 
tributed over  a  great  portion  of  the  field  a  number  of  relative  scoto- 
mata,  within  the  area  of  any  one  of  which,  although  objects  could 
be  seen  by  the  patient,  yet  he  could  not  tell  what  they  were."^ 

Mind  blindness  may  be  paroxysmal,  continuing  for  several  days 
and  then  disappearing.  Though  it  is  always  temporary,  it  is  apt  to 
be  followed  by  actual  blindness  as  the  disease  progresses.  Hallucina- 
tions of  sight,  in  some  cases  unilateral,  are  very  common,  and  some- 
times appear  as  early  symptoms. 

Atrophy  of  the  optic  nerve  may  occur  in  the  early  stages  or  even 
precede  mental  disturbance,  but  is  usually  a  late  symptom.  It 
appears  merely  as  an  incident  in  the  course  of  the  organic  cerebral 
lesions,  of  which  the  general  paralysis  and  insanity  are  symptoms, 
and  is  not  of  very  frequent  occurrence,  being  found,  according  to 
Gudden,  in  about  4.9  per  cent,  of  a  series  of  1386  cases. 

H3qper8emia  of  the  papilla,  and  even  a  slight  degree  of  optic  neuritis, 
have  been  observed  in  a  very  small  percentage  of  cases. 

Pupillary  anomalies  and  disturbances  of  the  ciliary  and  orbital 
muscles  are  the  most  significant  ocular  symptoms  in  general  paralysis 
of  the  insane.  The  pupils  are  usually  contracted  in  the  early  stages, 
although  later  they  are  often  more  or  less  dilated;  but  what  is  termed 
reflex  rigidity  of  the  pupils,  in  which  response  to  light  stimulus  may 
be  diminished  or  absent,  and  later  reaction  to  convergence  and  accom- 
modation may  fail,  or  in  which  the  pupils  are  equal,  or  one  or  both 
assume  an  irregular  shape,  is  one  of  the  most  valuable  of  the  early 
symptoms.  Among  500  cases  Moeli  found  reflex  rigidity  present  in 
47  per  cent.,  doubtful  reaction  in  4  per  cent.,  and  sluggish  reaction 
in  10  per  cent. ;  and  among  205  patients  with  reflex  pupillary  rigidity 
Thomson  found  83  per  cent,  of  general  paresis  (Knies) .  It  should  be 
remembered,  however,  that  although  other  diseases  rarely  produce  this 
sympt.om,  alDsence  of  pupillary  reaction  to  light  and  reflex  rigidity 
of  the  pupil  are  among  the  more  common  ear  symptoms  of  tabes 
dorsalis,  as  well  as  of  general  paralysis  of  the  insane. 

The  study  of  pupillary  reactions  in  nervous  diseases  is  necessarily 
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intricate  and  involved,  but  it  has  by  some  writers  been  rendered  still 
more  complicated  by  giving  minute  attention  to  unimportant  details. 

Paralysis  of  accommgdation  is  of  far  less  frequent  occurrence  than 
pupillary  anomalies,  being  fomid  by  Moeli  in  about  1.5  per  cent,  of 
all  cases  (Knies). 

Although  not  so  common  a  symptom  as  mydriasis,  nuclear  jDaralysis 
or  paralysis  of  the  orbital  muscles  is  occasionally  seen.  It  may  result 
in  loss  of  power  in  the  third,  fourth,  or  more  frequently  the  sixth 
nerve,  with  the  accompanying  diplopia  and  strabismus  or  ptosis. 
While  usually  temporary,  it  is  not  always  so,  and  is  prone  to  relapse. 
According  to  Schiitz,  Siemering,  and  Boediker,  the  above  oculomotor 
paralyses  are  "caused  by  degenerative  changes  in  the  central  gra}' 
matter  of  the  aqueduct  of  Sylvius  and  fourth  ventricle."^ 

Ptosis,  twitching  of  the  eyelids,  and  transient  nystagmus  may  all 
be  found  in  a  limited  number  of  cases,  and  among  other  motor  dis- 
turbances of  cortical  origin  we  not  infrequently  have  conjugate* 
deviation  of  the  head  and  eyes. 

Several  writers  have  mentioned  ocular  migraine  or  scintillating 
scotoma  as  a  not  infrequent  premonitory  symptom  of  paretic  demen- 
tia, but  this  is  of  such  frequent  occurrence  in  other  conditions  that 
it  is  certainly  not  a  symptom  of  great  cUagnostic  value. 

DifEuse  cerebral  sclerosis  is  apt  to  be  accompanied  by  impaired 
pupillary  reaction,  and  cases  of  jjaralysis  of  the  sixth  nerve  and 
nystagmus,  as  well  as  optic  neuritis,  have  been  reported. 

In  paralysis  agitans,  or  Wilkinson's  disease,  a  bilateral  or  rarely  a 
unilateral  tremor  may  sometimes  be  noticed  in  the  muscles  of  the 
margin  of  the  upper  lid.  This  is  more  marked  when  the  lids  are 
closed,  and  is  accompanied  by  a  degree  of  rigidity  on  attempting  to 
open  them.    Nystagmus  is  a  rare  symptom. 

According  to  Gowers,  the  slowness  of  motion  which  is  noticeable 
in  other  portions  of  the  muscular  system  rarely  affects  the  orbital 
muscles.  The  patient  will  turn  the  eyes  instantly  in  any  desired 
direction,  and  follow  them  slowly  with  the  head  by  the  action  of  the 
muscles  of  the  neck. 

Spasm  of  accommodation  has  been  noted  in  several  cases  by  Koenig, 
and  gray  atrophy  and  bilateral  ptosis  have  occasionally  been  reported. 

Disseminated  sclerosis  in  a  large  proportion  of  cases  is  accom- 
panied by  very  significant  and  characteristic  eye  symptoms  which 
may  be  of  great  diagnostic  value.  They  manifest  themselves  in  defec- 
tive vision,  a  variety  of  forms  of  limitation  of  the  visual  and  color 
fields,  color,  and,  in  rare  instances,  absolute  scotomata,  variations  in 
the  ophthalmoscopic  appearance  of  the  disk,  and  disturbances  of  the 
ocular  and  orbital  muscles.  The  onset  of  these  symptoms  may  be 
gradual,  but  more  often  they  come  on  suddenly.  They  may  affect 
one  or  both  eyes,  and  they  vary  in  degree,  sometimes  disappearing 
entirely,  and  in  other  instances  relapsing  after  an  interval  of  manj- 
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weeks.  Amaurosis,  which  is  rarely  complete  and  permanent,  may 
continue  for  several  months,  and,  after  prolonged  remission,  appear 
again  (Charcot).  It  is  apt  to  be  accompanied  by  the  sensation  of  a 
mist  before  the  eyes,  and  even  when  scotomata  are  present  these  are 
rarely  absolute.  Pure  cases  of  disseminated  sclerosis  are  not  accom- 
panied by  hemianopsia,  and  this  tends  to  prove  that  the  lesions,  like 
those  of  retrobulbar  neuritis,  are  not  in  the  chiasm  or  optic  tracts, 
but  in  the  optic  nerve  itself. 

Visual  defects  and  changes  in  the  appearance  of  the  optic  disk  may 
precede  the  other  symptoms  of  disseminated  sclerosis  by  months  or 
years,  or  they  may  make  their  appearance  in  the  early  stages;  but 
they  are  usually  found  only  after  the  general  symptoms  are  well 
developed.^ 

Among  the  most  striking  ocular  manifestations  of  disseminated 
sclerosis  are  the  disorders  of  the  ocular  and  orbital  muscles,  and  of 
these  the  most  important  are  the  nystagmus,  ataxic  nystagmic 
twitchings,  and  tremors  attributed  by  Knies  to  insufficient  cortical 
innervation  of  the  nuclei,  which  he  believes  to  be  due  in  the  main  to 
perinuclear  foci  in  the  fibres  of  the  corona  radiata. 

Nystagmus,  which  is  very  rare  in  other  forms  of  nervous  disease, 
is  said  to  occur  in  about  one-half  of  the  cases  of  disseminated  sclerosis. 

Either  with  or  without  nystagmus  we  may  have  disorders  of  the 
associated  movements  of  the  eyes.  This  was  observed  by  Uthoff  in 
three  out  of  100  cases.  Isolated  paralysis  of  the  external  ocular 
muscles  and  nuclear  paralysis  may  occur,  an  example  of  the  latter 
being  defective  conjugate  motion  to  the  right  or  left  and  paresis  of 
the  power  of  convergence  (Swanzy).  The  peripheral  nerves  have  been 
found  in  a  number  of  instances  to  be  the  seat  of  sclerotic  foci,  Uthoff 
having  noted  four  cases  of  unilateral  abducens  paralysis  and  three 
cases  of  partial  paralysis  of  the  motor  oculi.  Moderate  degrees  of 
impairment  of  motility  are  very  common.  As  in  the  case  of  paralysis 
of  the  optic  nerve,  the  motor  affections  are  much  more  frequently 
seen  after  the  other  symptoms  are  well  developed,  but  they  may  occur 
in  the  early  stages,  or  even  before  any  other  evidences  of  the  disease 
have  appeared. 

Abnormal  pupillary  reaction  is  uncommon  in  disseminated  sclerosis, 
but  a  few  cases  have  been  observed  including  reflex  rigidity  of  the 
pupils,  myosis  in  the  advanced  stages,  impaired  light  and  conver- 
gence reaction,  inequality  of  size,  and  hippus.  Uthoff  found  slight 
deviations  from  the  normal  in  16  per  cent,  of  the  cases  studied  by 
him. 

.\s  Swanzy  has  pointed  out,  the  fact  that  ophthalmoscopic  changes 
in  the  disk  may  be  observed  in  about  50  per  cent,  of  the  cases  is 
of  value  in  establishing  the  diagnosis  between  disseminated  sclerosis 
and  hysteria,  in  which  we  sometimes  find  symptoms  resembling  those 
of  the  earlier  stage  of  the  former  disease.    And  we  are  also  assisted 
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by  the  rarity  of  central  scotoma  and  the  irregular  and  erratic  char- 
acter of  the  visual  and  color  fields  in  hysteria,  aS  compared  with 
those  of  disseminated  sclerosis  which,  although  narrow,  follow  the 
regular  physiological  order. 

In  amaurosis,  scotomata,  and  impairment  of  the  visual  fields  the 
symptoms  indicate  retrobulbar  disease  of  the  optic  nerve,  and  granular 
degeneration  of  the  medullary  sheaths,  with  intact  axis-cylinders,  may 
be  found  with  other  evidence  of  interstitial  neuritis.  Degenerative 
foci  are  undoubtedly  sometimes  found  in  the  primary  optic  ganglion, 
and  rarely  in  the  chiasm  and  tractus,  but  they  are  of  far  more  frequent 
occurrence  in  the  optic  nerves. 

According  to  Knies,  the  pathological  process  in  the  optic  nerve 
'•'stands  midway  between  pronounced  optic  neuritis  and  simple 
atrophy." 

While  the  medullary  sheaths  are  destroyed,  a  large  proportion  of 
the  axis-cylinders  escape,  although  from  time  to  time  in  the  progress 
of  the  disease  their  conductivity  may  be  impaired.  This  accounts 
for  the  fact  that  the  disturbance  of  vision  or  the  defect  in  the  visual 
field  may  be  very  pronounced,  while  the  optic  disk  appears  normal, 
and  that  vision  may  var'"  from  time  to  time,  or  be  in  a  measure 
restored  so  long  as  the  axis-cylinders  which  pass  through  the  sclerosed 
patches  are  not  actually  destroyed.  Optic  neuritis,  according  to 
Uthoff,  is  found  in  about  5  per  cent,  of  the  cases,  but  the  ophthal- 
moscope reveals  no  retinal  atrophy,  and  there  may  be  no  visible  evi- 
dence whatever  of  a  defect  of  the  optic  nerve.  Decided  atrophy 
occurs  in  only  about  3  per  cent,  of  the  cases,  and  even  partial  atrophy 
in  only  19  per  cent.  In  a  considerable  number  of  cases  (about  18 
per  cent.)  an  ophthalmoscopic  picture  is  observed  closely  resembling 
that  of  toxic  amblyopia.  This,  however,  is  not  in  every  case  accom- 
panied by  the  characteristic  central  scotoma. 

When  the  ntrinsic  and  extrinsic  ocular  muscles  are  affected,  the 
lesions  are  in  the  main  nuclear,  although  in  a  number  of  instances 
sclerotic  foci  have  been  found  in  the  peripheral  nerves.  Leube  saw 
both  motor  oculi  nerves  converted  into  thick  graj'-  bands  (Knies). 

Deformities  of  the  skull  following  chronic  meningitis  in  infants, 
producing  premature  ossification  of  the  cranial  bones  and  narrowing 
of  the  optic  foramina,  result  first  in  optic  neuritis  and  later  in  atrophy 
of  the  optic  nerve. 

Hydrocephalus  as  seen  in  infancy  may  be  accompanied  by  optic 
neuritis  or  atrophy  of  the  optic  nerves,  but  this  is  not  of  frequent 
occurrence;  while  hydrocephalus  appearing  later  in  life,  when  the 
sutures  are  more  firmly  united,  is  as  a  rule  accompanied  by  such 
symptoms  and  by  evidences  of  pressure  closely  resembling  those  of 
tumor  of  the  bram. 

Swanz)'^,  in  Norris  and  Oliver's  Systevi  of  Diseases  of  the  Eye,  calls 
attention  to  the  occurrence  of  bitemporal  hemianopsia  in  hydro- 
cephalus, due  to  pressure  on  the  optic  commissure  by  the  distended 
floor  of  the  third  ventricle. 
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In  the  various  forms  of  meningitis,  as  well  as  in  hydrocephalus, 
there  is  often  such  a  lowered  state  of  vitality  as  to  lead  to  the  develop- 
ment of  keratitis  and  conjunctivitis. 

Porencephalus  (cysts  or  cavities  in  the  cortex)  may  be  accompanied 
by  eye  symptoms  somowhat  similar  to  those  which  appear  in  soften- 
ing. Nystagmus,  ptosis,  reflex  rigidity  of  the  pupil,  and  gray  atrophy 
of  the  optic  nerve  have  all  been  observed. 

Bulbar  paralysis  in  its  typical  form  is  not  accompanied  by  eye 
symptoms,  but  due,  as  it  is,  to  pathological  processes  in  the  medulla 
oblongata,  it  sometimes  has  associated  with  it  lesions  of  the  visual 
and  especially  the  motor  centres  of  the  eye.  Optic  nerve  atrophy 
has  been  observed,  and  several  writers  have  reported  cases  of  paralysis 
of  the  ocular  and  orbital  muscles,  with  resulting  dilatation  and  fixa- 
tion of  the  pupils,  nystagmus,  ocular  deviation  or  fixation,  and  even 
a  degree  of  exophthalmos.  Conjugate  deviation  and  paralysis  of 
the  ocular  branch  of  the  facial  have  been  noted,  and  while  the  disease 
is  at  its  height  concentric  limitation  of  the  visual  field  and  slight 
impairment  of  vision  may  occur.  Straminski,  of  Wilna,  reports  a 
case  of  this  kind  following  influenza,  and  terminating  in  recovery  in 
nine  months 

Progressive  ophthalmoplegia,  or  what  in  contradistinction  to  pure 
bulbar  paralysis  has  been  designated  as  superior  poliencephalitis  in 
its  acute  form,  is  due  to  hemorrhagic  inflammation  of  the  gray  matter 
in  the  floor  of  the  fourth  ventricle  and  the  aqueduct  of  Sylvius  (Knies). 
In  addition  to  the  somnolence,  which  is  characteristic,  there  is  pro- 
gressive paralysis  of  the  ocular  muscles,  and  this  may  in  a  short  time 
be  quite  complete. 

In  the  chronic  form  there  is  degeneration,  which  may  affect  the 
nuclei,  nerves,  or  muscles,  producing  progressive  paralyses,  which  are 
usually  bilateral,  although  irregular,  and  may  be  complete  or  incom- 
plete. These  paralyses,  with  the  resulting  convergence,  divergence, 
nystagmus,  reflex  rigidity  of  the  pupil,  etc.,  may  disappear  in  whole 
or  in  part,  only  to  appear  again  and  continue  to  advance  (Knies). 

Syringomyelia  is  accompanied  sometimes  by  concentric  contrac- 
tion of  the  visual  fields  and  rarely  by  optic  neuritis.  Abducens 
paralysis  and  nystagmus  have  also  been  reported. 

DISEASES  OF  THE  SPINAL  CORD. 

Myelitis  is  accompanied  sometimes  by  optic  neuritis,  which  may 
recover  or  go  on  to  complete  blindness;  and  Swanzy  points  out  that 
if  the  cervical  portion  of  the  cord  is  involved  we  may  have  mydriasis 
due  to  irritation,  or  paralytic  myosis. 

Tabes  dorsalis  is  in  a  large  proportion  of  cases  accompanied  or 
preceded  by  eye  symptoms  which  are  of  the  greatest  import^ance 
and  often  supply  the  first  positive  indication  of  the  nature  of  this 
serious  disease.    These  consist  of  atrophy  of  the  optic  nerve,  par- 
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alysis  and  ataxy  of  the  ocular  muscles,  pupillary  alterations,  and 
paresis  or  paralysis  of  accommodation. 

Associated,  as  tabes  often  is,  with  other  diffuse  cerebral  and  spinal 
disease,  the  ocular  symptoms  afford  important  assistance  in  estab- 
lishing the  cUagnosis.  Atrophy  of  the  optic  nerve  is  found  in  about 
20  per  cent,  of  the  cases,  and,  when  fully  developed,  the  disk  is  gray, 
is  often  slightly  cupped,  revealing  the  delicate  fibres  of  the  lamina 
cribrosa,  and,  especially  in  cases  with  a  deep  physiological  depression, 
is  difficult  to  distinguish  from  glaucoma  simplex. 

In  the  earlier  stages  the  grayish  discoloration  of  the  disk  is  more 
noticeable  on  the  temporal  side  than  on  the  nasal,  which  is  normally 
more  pink  than  the  outer  half,  but  as  the  cUsease  advances  the  whole 
surface  becomes  uniformly  gray,  and  the  arteries  and  veins  are  reduced 
to  narrow  threads. 

Whatever  may  be  the  cause  of  tabes,  it  is  evident  that  the  atrophic 
process  in  the  optic  nerve  is  not  a  direct  extension  of  the  disease  in 
the  brain  and  cord,  but  a  separate  manifestation  of  the  same  process. 
The  fibres  in  the  centre  of  the  nerve  are  affected  last,  and  Leber  has 
shown  that  it  begins  in  the  periphery  of  the  retrobulbar  portion  and 
extends  toward  the  axis.  The  gray  atrophy  may  also  sometimes  be 
detected  in  the  chiasm,  the  tractus,  and  even  as  far  as  the  primary 
optic  ganglia  (Knies). 

Some  writers  claim  that  in  the  very  early  stages  hypersemia  of  the 
disk  precedes  atrojjhy  of  the  optic  nerve,  but  this  is  not  established, 
and  on  theoretical  grounds  it  would  seem  improbable,  as  the  process 
is  a  primary  atrophy  of  the  nervous  elements.  Both  histologically 
and  with  the  ophthalmoscope,  tabetic  atrophy  is  easily  distinguished 
from  postneuritic  white  atrophy,  in  which  a  dense  white  or  yellowish- 
white  disk  is  seen  entirely  obscuring  the  fibres  of  the  lamina  cribrosa. 
Atrophy  of  the  optic  nerve,  while  sometimes  appearing  in  the  later 
stages  of  locomotor  ataxia,  may  antedate  the  appearance  of  ataxia 
or  even  precede  the  lightning  pains,  loss  of  knee-jerk,  and  other  spinal 
symptoms  from  two  to  twenty  years.' 

Ophthalmoscopic  evidence  of  atrophy  generally  precedes  disturb- 
ance of  vision,  but  the  visual  disturbance  may  in  some  cases  be  much 
more  marked  than  would  be  indicated  by  the  appearance  of  the  disk. 

Strange  as  it  may  seem,  many  writers  maintain  that  the  progress 
of  the  general  disease  is  checked  and  there  is  an  abatement  of  the 
spinal  symptoms  on  the  development  of  optic  atrophy  if  it  appears 
in  the  preataxic  stage.^  In  regard  to  this,  Knies  very  properly 
remarks  that  a  mistaken  diagnosis  may  account  for  the  improvement, 
as  the  prognosis  is  often  much  more  favorable  in  some  of  the  neurotic 
and  sclerotic  processes  which  may  be  mistaken  for  tabes. 

Authorities  differ  greatly  as  to  the  frequency  of  the  occurrence  of 
optic  atrophy  in  tabes,  Gowers  placing  it  at  13.5  per  cent.,  while 

1  Swanzy,  in  Norris  and  Oliver's  System  of  Diseases  of  the  Eye. 
!  Benedict,  Wlen.  med.  Presse,  1881,  Nos.  1,  2,  3,  4,  5. 
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Berger  gives  33.7  per  cent.,  and  Uthoff  20  per  cent.  Although  both 
eyes  usually  are  affected  at  the  same  time,  or  with  a  very  short  mter- 
val,  years  sometimes  elapse  after  one  nerve  becomes  atrophic  before 
the  other  is  involved. 

Galezowski  has  estimated  that  two-thirds  of  all  optic  nerve  atrophies 
are  of  tabetic  origin;  but  whether  this  be  correct  or  not,  Knies  states 
that  genuine  gray  atrophy  of  the  optic  nerve  should  always  lead  to 
the  suspicion  of  tabes,  as  even  ten  to  thirty  years  may  elapse  after 
the  appearance  of  gray  atrophy  of  the  optic  nerve  before  the  other 
symptoms  develop. 

Swanzy  calls  attention  to  the  fact,  which  is  omitted  by  some 
writers,  that  at  the  beginning  we  may  have  such  subjective  phenom- 
ena as  photophobia,  a  sensation  of  sparks  and  colored  lights,  and 
that  the  patients  complain  of  a  fog  or  smoke  before  the  eyes.  He 
also  points  out  that  the  interval  between  the  appearance  of  optic 
nerve  cUsease  and  the  development  of  complete  blindness  may  vary 
from  a  few  months  to  seventeen  years.  One  year  would  represent 
a  probable  average.  A  temporary  or  permanent  arrest  of  progress 
may  in  some  instances  be  observed,  but  this  is  of  rare  occurrence 
in  spite  of  the  most  skilful  and  persistent  treatment. 

Martin  calls  attention  to  the  fact  that  tabetic  patients  when  blind 
do  not  generally  sway  from  side  to  side  in  closing  the  eyes  and  standing 
with  the  feet  together,  a  very  common  symptom  in  those  who  are 
still  able  to  see. 

The  optic  atrophy  of  tabes  is  accompanied  by  failure  of  central 
and  color  vision  and  narrowing  of  the  visual  and  color  fields;  and 
with  cUminishing  illumination  the  vision  of  a  tabetic  patient  is  often 
found  to  fail  much  more  rapidly  in  proportion  to  his  usual  standard 
than  is  the  case  with  one  with  normal  optic  nerves.  The  contraction 
of  the  visual  fields  is  generally  concentric  to  the  blind  spot;  but  there 
are  many  exceptions  to  this  rule.  The  defects  vary  greatly  in  their 
outlines,  and  no  one  form  or  mode  of  development  can,  as  in  the  case 
of  glaucoma,  be  said  to  be  characteristic.  Even  when  it  finally 
becomes  concentric,  narrowing  of  the  field  often  begins  by  the  for- 
mation of  a  re-entering  angle  of  blindness,  and,  as  the  disease  pro- 
gresses, a  small  eccentric  portion  of  the  retina  sometimes  remains 
intact  after  the  macular  region  is  blind. 

Central  scotomata,  if  they  occur  at  all,  are  very  rare,  and  should, 
as  Knies  has  pointed  out,  arouse  the  suspicion  of  a  comphcation  or  a 
mistaken  diagnosis.  Central  vision  may  in  some  cases  remain  fairly 
good  in  spite  of  narrowing  of  the  visual  field,  or,  on  the  other  hand, 
we  may  have  marked  impairment  of  central  vision  with  a  normal 
peripheral  field;  but  usually  impairment  of  the  visual  field  and  loss  of 
central  vision  as  they  progress  bear  a  definite  relation  to  one  another. 
Swanzy  refers  to  the  fact  that  a  temporary  functional  increase  in 
the  narrowing  of  the  visual  fields  may  result  from  mental  worry. 

Color  blindness  is  almost  always  found  in  association  with^  the 
■optic  atrophy  of  tabes,  but  its  degree  is  not  necessarily  in  direct 
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proportion  to  the  visual  disturbance  nor  to  the  limitation  of  the 
visual  field.  In  some  instances  it  may  even  be  detected  before  optic 
atrophy  can  be  discovered  with  the  ophthalmoscope. 

An  examination  of  the  color  fields  is  very  important,  as  those 
cases  in  which  their  narrowing  is  much  more  marked  than  the  field 
for  white  are  apt  to  be  rapidly  progressive;  and  Knies  has  pointed 
out  that  a  re-entering  angle  in  the  boundary  of  the  color  field  is  the 
forerunner  of  a  similar  narrowing  of  the  field  for  white. 

As  rare  visual  disorders,  we  may  in  the  later  stages  have  sym- 
metrical defects  of  the  visual  fields  or  homonymous  hemianopsia. 

Disorders  of  the  ocular  muscles  are  of  frequent  occurrence  in  tabes, 
and  their  importance  is  greatly  increased  by  the  fact  that  in  a  large 
proportion  of  cases  they  appear  in  the  early  stages,  mydriasis,  diplopia, 
or  ptosis  often  being  the  first  symptom  to  attract  the  attention  of 
the  patient.  According  to  Uthoff,  they  are  found  in  20  per  cent., 
and  according  to  Berger  in  38  per  cent,  of  all  cases.  They  usually 
develop  suddenly,  and  while  they  may  be  permanent,  more  frequently 
disappear  after  a  period  varying  from  a  few  hours  to  a  year  or  more; 
but  they  are  prone  to  relapse,  and  they  are  more  apt  to  be  permanent 
if  occurring  in  the  later  stages  of  the  disease.  The  sudden  appear- 
ance of  paralysis  of  an  ocular  muscle  in  an  apparently  healthy  person, 
especially  if  it  recovers  in  a  short  time  or  subsequently  relapses, 
should  always  arouse  the  suspicion  of  tabes  (Knies). 

Any  one  or  more  of  the  orbital  nerves  may  be  affected,  but  paralysis 
and  paresis  of  the  abducens  and  motor  oculi  are  of  most  frequent 
occurrence. 

The  lesion  in  paralysis  of  tabetic  origin,  while  it  may  be  perinuclear 
or  internuclear,  is  generally  peripheral  or  nuclear,  and  therefore  we 
never  have  associated  or  conjugate  paralysis  (Knies).  While  true; 
nystagmus  is  of  very  rare  occurrence  in  tabes,  we  not  infrequently 
may  observe  ataxic  oscillations  or  what  are  sometimes  termed  nys- 
tagmic twitchings,  which  may  be  demonstrated  by  causing  the  eye 
to  follow  an  object  in  motion  and  fix  it  when  the  motion  ceases. 

Paralysis  of  the  ocular  branch  of  the  facial  nerve  is  of  rare  occur- 
rence, but  paresis  accompanied  by  tremor  on  effort  to  close  the  lid 
is  frequently  observed. 

Pupillary  alterations  are  of  the  greatest  diagnostic  importance  in 
tabes.  The  pupils  may  be  of  unequal  size  in  the  two  eyes,  and  are 
very  often  of  irregular  shape.  Mydriasis,  due  to  oculomotor  paralysis, 
but  not  necessarily  accompanied  by  cycloplegia,  is  sometimes  observed, 
though  it  is  rare.  Myosis,  on  the  other  hand,  is  very  common,  and 
may  be  looked  upon  as  characteristic  of  tabes  dorsalis.  The  contrac- 
tion may  be  extreme  ("pin-hole  pupil")  or  of  only  moderate  degree; 
but  whether  normal  in  size  or  contracted,  our  attention  in  this  disease 
is  especially  directed  to  the  absence  of  reaction  to  light,  accommo- 
dative effort,  convergence,  and  cutaneous  irritation,  which  appear 
in  the  various  stages  as  the  tabetic  changes  progress.  These  pupil 
changes  are  due  to  disease  of  the  ciliospinal  centre. 
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The  Argyll-Robertson  pupil,  while  it  is  also  occasionally  observed 
in  other  nervous  diseases,  is  a  most  important  symptom  of  tabes 
dorsaUs.  It  consists  in  the  absence  of  contraction  on  exposm-e  to 
light  of  a  pupil  which  still  retains  the  power  to  contract  in  conver- 
gence or  accommodation.  The  pupil  may  be  normal,  or  even  dilated, 
although  it  is  generally  quite  narrow,  and  it  should  be  borne  in  mind 
that  later,  when  the  disease  is  sufficiently  advanced,  and  after 
light  stimulus  has  ceased  to  cause  contraction,  the  reflex  to  sensitive 
stimuli,  such  as  cutaneous  irritation,  is  lost,  and  finally  convergence 
also  fails  to  be  accompanied  by  contraction. 

While  occasionally  entirely  wanting,  the  Ai'gyll-Robertson  pupil  is 
one  of  the  most  constant  of  all  the  symptoms  of  tabes,  and,  owing 
to  the  fact  that  it  is  often  an  initial  symptom,  its  value  can  scarcely 
be  overestimated.  Dillman  found  it  in  76  per  cent,  of  his  cases.  In 
31.6  per  cent,  the  pupils  responded  neither  to  light  nor  convergence. 
And  the  normal  condition  of  both  pupils  was  found  by  Berger  in 
only  4  among  109  cases  (Knies).  The  latter  writer  has  also  called 
attention  to  the  fact  that  in  myosis  of  spinal  origin  mydriatics  are 
less  effective,  while  in  spinal  mydriasis  the  action  of  myopics  is 
diminished.  In  examining  for  the  presence  of  the  light  reflex,  Swanzy 
calls  attention  to  the  importance  of  avoiding  such  cutaneous  irri- 
tation as  is  apt  to  result  from  touching  the  skin  of  the  face  or  lids, 
and  recommends  that  the  test  be  made  in  a  darkened  room. 

Paralysis  of  accommodation  is  rare.  When  found,  it  is  generally 
in  association  with  mydriasis  and  in  the  late  stages  of  the  disease. 

What  is  sometimes  termed  sympathetic  ptosis,  but  is  really  a 
slight  drooping  of  the  upper  lids  not  due  to  paralysis  of  the  third 
nerve,  is  occasionally  observed  in  association  with  myosis. 

Another  somewhat  rare  sympathetic  symptom,  but  which  Berger 
clauns  to  have  seen  in  half  of  his  cases,  is  epiphora.  It  is  attributed 
to  disturbed  lacrymal  secretion  and  imperfect  action  of  the  orbicu- 
laris palpebrarimi.  Berger  also  calls  attention  to  imperfect  closure 
of  the  eyelids,  with  fibrillary  twitchings  of  the  orbicularis  muscle, 
and  to  reduced  intra-ocular  tension,  which  he  attributes  to  paralysis 
of  the  sympathetic.    Other  writers  seldom  mention  these  symptoms. 

TROPHONEUROSES. 

Acromegaly  sometimes  causes  great  thickening  of  the  borders  of 
the  orbits,  and  this  may  be  increased  by  dilatation  of  the  frontal 
sinuses.  The  lids  may  become  hypertrophied  and  brown  in  color. 
The  conjunctiva,  fat,  and  orbital  muscles  are  at  times  hyper- 
trophied, and  the  exophthalmos  which  occasionally  develops  may 
be  accompanied  by  atrophy  of  the  optic  nerves. 

Hypertrophy  of  the  pituitary  body  is  by  some  writers  considered 
as  a  cause^but  Marie  looks  upon  it  as  one  of  the  results  of  acromegaly. 
However  this  may  be,  the  resulting  pressure  upon  the  chiasm  and 
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•optic  tract  may  lead  to  optic  neuritis  or  choked  disk,  or  to  bitem- 
poral hemianopsia,  or  narrowing  of  the  visual  fields,  defective  vision, 
and  sometimes  even  to  complete  blindness. 

Hemifacial  hypertrophy  is  a  rare  affection  in  which  the  eye  neces- 
sarily bears  an  important  part.  The  orbit,  lids,  and  eyeball  are  often 
greatly  enlarged,  leading,  when  the  ball  is  hypertrophied,  to  exposure 
of  the  cornea  from  difficulty  in  closing  the  lids.  Knies  and  Ziehl 
have  each  reported  a  case  in  wliich  the  eyeball  took  part,  producing 
a  high  degree  of  myopia  and,  in  the  case  of  the  former  observer, 
extensive  choroidal  changes. 

Progressive  facial  hemiatrophy,  which  begins  with  unilateral  irri- 
tation of  the  cervical  sympathetic  and  later  passes  into  paralysis, 
involving  also  a  lesion  of  the  trigeminus,  produces  ptosis,  myosis, 
and  enophthalmos,  with  oculopupillary  irritation  and  paralysis. 
There  is  progressive  thinning  of  the  skin  of  the  eyelids,  and  the  brows 
and  lashes  turn  gray  and  fall  out.  Retraction  of  the  lids  often  leads 
to  exposure  and  disease  of  the  cornea.  Kalt  observed  choroiditis 
and  myopia,  and  Ruhemann  reported  ptosis,  divergent  strabisnms, 
cataract,  impaired  mobihty  of  the  eye,  and  contracted  pupil  (Knies). 


INJURIES  TO  THE  BRAIN  AND  SPINAL  CORD. 

Injuries  to  the  brain  ijroduce  a  variety  of  eye  symptoms  which 
may  be  classified  as  (a)  those  which  are  the  direct  effect  of  trauma- 
tism of  the  cortex,  nuclei,  tracts,  chiasm,  or  optic  nerves,  and  {h) 
those  which  result  from  hemorrhage,  meningitis,  and  abscesses  of 
traumatic  origin.  Under  their  respective  heads  the  eye  symptoms 
which  follow  the  conditions  mentioned  in  the  latter  group  (c)  have, 
already  received  consideration. 

Well-defined  and  clear-cut  localizing  symptoms  may  occasionally 
be  observed  in  gunshot  and  punctured  wounds.  A  wound  of  the 
cortex,  if  in  the  occipital  region,  may  be  followed  by  cortical  blind- 
ness or  hemianopsia  with  conjugate  deviation  and  nystagmus;  but 
fractures,  especially  fractures  of  the  base,  are  apt  soon  to  be  compU- 
cated  by  hemorrhage  and  meningitis  which  obscure  the  symptoms. 
Not  infrequently,  however,  in  fracture  at  the  base  which  does  not 
necessarily  require  a  blow  of  great  force,  if  in  the  proper  direction, 
one  or  both  of  the  optic  foramina  are  involved,  lacerating  the  optic 
nerve,  and  we  have  immediate  bhndness  mth  loss  of  pupillary  reaction, 
even  before  inflammatory  symptoms  have  developed.  This  is,  of 
course,  soon  followed  by  atrophy.  Both  Knapp  and  Knies  have 
reported  such  cases,  and  the  latter  author  records  one  reported  by 
Taffier  in  which  fracture  of  the  frontal  bone  was  followed  by  nasal 
hemianopsia  evidently,  so  he  states,  due  to  involvement  of  the  anterior 
angle  of  the  chiasm.  Such  traumatisms  may  also  involve  the  motor 
nerves,  especially  the  facial,  producing  lagophthalmos  and  the  ab- 
ducens,  causing  paralytic  convergence. 
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Compression  of  the  brain  and  concussion  both  cause  pupillary 
■changes.  In  the  former  we  have  mydriasis  without  reaction  to  light 
antl,  in  rare  instances,  congestion  and  oedema  of  the  papilla,  while 
in  the  latter  Hutchinson  describes  a  degree  of  sluggishness  in  the 
pupillary  movements,  and  Knies  refers  to  the  not  infrequent  occur- 
rence of  nystagmus,  which  he  attributes  to  "cortical  inactivity  or 
interference  with  the  conduction  of  the  innervation  impulse  which 
starts  from  the  cortex."  Concussion  of  the  "brain  is  followed  by  no 
ophthalmoscopic  change,  although,  as  Gowers  has  suggested,  simple 
concussion  of  the  nerve  and  retina  may  probably  cause  loss  of  sight 
.and  slow  atrophy.  Contusions  and  lacerations  of  the  brain  and  hernia 
cerebri  may  be  accompanied  by  neuritis. 

Injuries  of  the  spinal  cord  rarely  cause  organic  disease  of  the  eyes. 
No  changes  in  the  fundus  were  found  in  17  rapidly  fatal  cases  observed 
by  Allbutt,  although  among  13  chronic  cases  he  reports  8  as  having 
exhibited  more  or  less  hypersemia  of  the  papilla.  He  never  found 
true  optic  neuritis  (Knies).  When  the  injury  is  in  the  lower  cervical 
or  upper  dorsal  region,  a  lesion  of  the  sympatlietic  may  lead  to  vaso- 
motor and  trophic  disturbances  and  inequality  or  contraction  of  the 
pupils. 

While  in  rare  instances  optic  neuritis  and  atrophy  of  the  optic 
nerve  have  been  reported,  in  considering  them  we  should  bear  in 
mind  the  fact  that  spinal  injury  may  be  complicated  with  injury  of 
the  brain,  and  thus  account  for  the  symptoms  observed  in  the  eyes. 

Various  ocular  symptoms  are  of  frequent  occurrence  in  concussion 
of  the  spine,  but  it  is  not  usually  easy  to  establish  the  existence  of 
a  real  organic  lesion  in  such  cases.  This  is  especially  true  of  railway 
spine,  or  what  by  some  writers  has  been  termed  concussion  of  the 
spine;  but  even  where  this  is  the  case  it  is  difficult  to  find  records 
of  well-authenticated  instances  in  which  it  has  led  to  organic  disease 
of  the  eyes.  The  neurotic  symptoms  are  often  very  marked,  and,  as 
we  may  even  sometimes  find  hysterical  contraction  of  the  visual 
fields,  it  is  important,  as  Swanzy  has  pointed  out,  that  in  our  ophthal- 
moscopic examinations  we  carefully  avoid  interpreting  what  may  be 
a  physiological  variation  in  the  color  of  the  disk  as  indicating  an 
organic  lesion  of  the  optic  nerve. 


DISEASES  OF  THE  NERVES. 

Multiple  neuritis,  which  is  a  not  infrequent  effect  of  poisonous 
and  infectious  diseases,  may  affect  the  optic  nerve,  producing  axial 
neuritis,  central  scotoma,  disturbances  of  color  perception,  etc.,  such 
as  are  described  in  the  section  devoted  to  toxic  amblyopia.  It  may 
also  affect  the  motor  nerves,  producing  partial  or  complete  paralysis. 

Knies  calls  attention  to  the  fact  that  in  amyotrophic  paralysis  of 
the  arm,  when  the  nerve  roots  or  spinal  cord  are  involved,  if  the 
•  oculopupillary  fibres  from  the  cord  to  the  sympathetic  become  im- 
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permeable  we  may  have  ptosis,  myosis,  and  enophthalmos  on  the 
same  side. 

Inflammation  of  the  first  branch  of  the  trigeminus  may  lead  to 
herpes,  which  is  considered  elsewhere. 

In  trigeminal  neuralgia  the  ocular  branches  are  sometimes  scarcely 
involved,  but  they  often  do  take  part,  leading  to  injection,  lacry- 
mation,  photophobia,  and  pain  in  the  eye.  Inflammation  of  the 
ocular  branches  if  severe  is  quite  constantly  reflected  to  the  other 
branches  of  the  trigeminus. 

Paralysis  of  the  trigeminus  is  apt  to  lead  to  neuroparalytic  kera- 
titis if  an  abrasion  of  the  cornea  occurs  and  the  element  of  infection 
is  added. 

A  large  proportion  of  the  nervous  phenomena  which  appear  as 
reflex  expressions  of  the  accommodative  and  muscular  strain,  made 
necessary  by  errors  of  refraction  and  muscle  imbalance,  manifest 
themselves  in  the  superior  branch  of  the  trigeminus.  And  in  every 
case  of  obstinate  trigeminal  neuralgia  a  careful  attempt  should  be 
made  to  discover  and  correct  all  such  errors. 

Paralysis  of  the  ocular  branch  of  the  facial  nerve  is  followed  by 
lagophthalmos,  which  may  be  present  in  any  degree,  and,  if  marked, 
is  apt  to  be  the  cause  of  secondary  conjunctivitis  and  keratitis  as  the 
result  of  exposure. 

Tonic  and  clonic  spasm  of  the  orbicularis  muscle  may  be  cortical 
or  nuclear  in  origin,  or  a  reflex  symptom  of  peripheral  irritation. 


CHAPTER  XIV. 

GENERAL  PREPARATION  FOR  OPERATIONS  UPON 

THE  EYE. 

By  clarence  A.  VEASEY,  A.M.,  M.D. 

The  general  principles  of  aseptic  and  antiseptic  surgery  should  be 
employed  in  operations  on  the  eye,  as  well  as  in  operations  upon 
other  portions  of  the  body,  with  the  exception  that  the  strong  germi- 
•cidal  solutions  which  may  be  used  elsewhere  are  here,  as  a  rule, 
not  permissible. 

PREPARATION  OF  THE  PATIENT. 

If  time  permits,  it  is  important  that  the  patient's  general  health 
be  placed  in  the  best  possible  condition  prior  to  the  performance 
of  any  of  the  major  operations.  Naturally,  this  does  not  apply 
in  those  emergency  cases  demanding  immediate  attention;  but  in 
other  cases  the  surgeon  will  be  well  rewarded  for  attending  to 
any  of  the  details  that  will  improve  the  physical  or  mental  con- 
cUtion  of  the  patient.  Should  diabetes  or  albuminviria  be  present, 
they  are  grave  complications,  to  be  sure,  but  by  no  means  contra- 
indicate  operative  procedure,  as  was  formerly  thought  to  be  the 
■case.  If,  however,  a  course  of  medicinal  and  dietetic  treatment 
will  improve  materially  the  nephritic  condition,  the  chances  for  ulti- 
mate success  in  any  operation  upon  the  eye  will  thereby  be  mark- 
edly increased.  If  any  acute  pulmonary  disease  is  present,  it  is 
^viser  to  postpone  operation  until  after  its  subsidence;  and  again,  if 
there  is  any  chronic  pulmonary  affection  it  is  not  only  necessary  to 
improve  the  condition  as  much  as  possible,  especially  if  there  is  any 
exacerbation,  but  it  is  also  of  the  utmost  importance  to  allay  any 
cough  that  might  give  rise  to  complications  during  or  following  the 
operative  procedure.  For  the  latter  purpose,  in  addition  to  the  older 
remedies,  heroin  has  been  much  employed  of  late,  and  in  doses  of 
one-sixteenth  to  one-twelfth  of  a  grain,  frequently  repeated,  has 
proved  of  value,  as  has  also  the  following  spray : 

Menthol  crystals, 

Pulv.  camphorce.       fta  gr.  xxx. 
Liq.  petrolati,  Sj. 
M.  To  be  used  locally  in  atomizer  or  nebulizer. 
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The  condition  of  the  heart  and  bloodvessels  should  also  be  carefully- 
investigated.  If  arterio-sclerosis  is  present,  such  drugs  as  will  reduce 
arterial  tension,  and  thereby  lessen  the  probability  of  hemorrhage, 
intra-ocular  or  extra-ocular,  should  be  administered. 

Appropriate  remedies  and  exercises  should  be  employed  for  val- 
vular cardiac  affections;  and  if  the  patient  be  a  "bleeder"  and 
an  operation  be  determined  upon,  all  possible  means  for  lessening  the 
liabihty  to  excessive  hemorrhage  should  be  adopted.  For  this  purpose 
the  administration  of  the  calcium  salts  and  of  gelatin  has  proved 
of  value.  The  latter  is  not  only  employed  hypodermically,  but 
the  eating  of  large  quantities  is  highly  recommended  in  the  condition 
of  haemophilia.' 

It  is  especially  important  that  there  be  no  suppurative  disease  of 
the  conjunctiva  or  lacrymal  sac  in  those  cases  requiring  the  opening 
of  the  eyeball.  These  conditions  should  be  treated  as  long  as  it  is 
necessary  to  rid  the  patient  of  them,  both  by  topical  applications 
and  intranasal  medication,  and,  in  persistent  dacryocystitis  resisting 
prolonged  treatment,  it  is  sometimes  even  advisable  to  close  the  lacry- 
mal punctum  by  means  of  the  actual  cautery. 

On  the  day  preceding  the  operation  the  patient  should  take  a  warm 
bath,  including  a  shampoo  for  the  head  and  beard,  guarding  against 
any  exposure  to  ilraughts  of  air.  A  teaspoonful  of  compound  licorice 
powder,  or  a  dose  of  some  other  laxative,  to  be  followed  the  next 
morning  by  a  saline  or  enema,  will  jDlace  the  patient's 
bowels  in  the  best  condition  for  rest  and  quiet  after 
the  operation. 

Preparation  of  the  Region  of  Operation.  An  hour 
or  two  i)receding  the  operation  the  skin  of  the  eye- 
lids and  surrounding  parts  is  thoroughly  cleansed 
with  soap  and  water,  followed  by  alcohol,  and  then 
by  a  solution  of  mercuric  chloride  (1:  5000).  Par- 
ticular attention  shoiild  be  given  to  the  eyebrows 
and  ciliary  margins,  and  at  the  same  time  care  should 
be  exercised  not  to  irritate  the  conjunctiva  by  per- 
mitting the  soap  or  alcohol  to  come  in  contact  with 

iiilllllllillllll  illlllllll' III  "^^^^  conjunctival  cul-de-sac  is  next  freely  irri- 

llllllil  gated,  either  with  a  sterile  boric  acid  solution  (gr. 

•iiiiiiiiliiiiiiiifSiilillii:     X  to  .=5j),  sterile  saline  solution  (normal  strength), 
or  with  a  solution  of  mercuric  chloride  (1:  5000). 
The  eyelashes  should  be  rubbed  quite  hard,  as  it  is 
here  that  many  micro-organisms  lurk,  after  which 
the  eye  and  surrounding  parts  are  covered  with  a 
sterile  dressing  until  the  surgeon  is  ready  to  proceed  with  the  opera- 
tion.   It  is  also  advisable,  as  advocated  by  Lippincott,  to  spray  the 
nares  three  or  four  times  a  day  for  a  couple  of  days  preceding  any 


Fig.  843. 


Bottle  and  Irriga- 
tor for  boric  acid 
solution. 


'  For  a  rdsumfi  of  the  literature  and  directions  as  to  the  use  of  gelatin,  consult  a  paper  by  Dr.  Joseph 
Sailer,  Therapeutic  Gazette,  August,  1901. 
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operation  upon  the  eyeball  with  a  solution  of  permanganate  of 
potassium  (1:  2000),  as  ample  experience  has  shown  that  the  pro- 
cedure materially  lessens  the  liability  to  infection  of  the  wound  or 
to  inflammatory  processes  after  operation. 

Bacteriological  investigations  have  shown  that  pathogenic  micro- 
organisms are  present  in  every  conjunctival  cul-de-sac  and  on  the 
lid  margins,  and  that  germicidal  solutions  sufficiently  strong  to 
destroy  them  also  produce  injury  to  the  delicate  epithehal  layer  of 
the  cornea,  sometimes  resulting  in  permanent  loss  of  a  portion  of  the 
visual  acuity,  as  well  as  giving  rise  to  considerable  irritation  of  the 
conjunctiva  itself.  We  are,  therefore,  obliged  to  content  ourselves- 
with  the  removal  of  as  many  bacteria  as  possible,  and  the  diminution 
of  the  vitality  of  those  remaining,  by  forcibly  flushing  the  conjunctiva, 
and  scrubbing  the  lid  margins  with  some  of  the  solutions  described. 

Immediately  preceding  the  operation  the  conjunctiva  is  again 
flushed  with  the  boric  acid  or  mercuric  chloride  solution,  the  lid 
everted,  and  the  conjunctival  surface  wiped  with  a  pledget  of  ab- 
sorbent cotton  moistened  with  the  same  solution.  It  is  also  well  to 
wipe  very  gently  that  portion  of  the  surface  of  the  cornea  in  which 
the  puncture  is  to  be  made  in  those  operations  in  which  the  eyeball 
is  to  be  entered.  In  all  office  operations  in  which  the  surgeon  is- 
ready  to  proceed  at  once  the  temporary  dressing  is  dispensed  with. 

PREPARATION  OF  THE  SURGEON  AND  ASSISTANTS. 

The  hands  of  the  surgeon  and  all  assisting  him  in  the  operation 
are  scrubbed  with  soap  and  warm  water,  the  finger-nails  receiving 
particular  attention.  After  immersing  the  hands  in  alcohol  for  a 
moment  they  are  dipped  in  a  solution  of  mercuric  chloride  (1 :  1000), 
after  which  nothing  should  be  touched  that  has  not  previously  been 
rendered  aseptic.  If  the  assistant  is  one  with  whom  the  surgeon 
is  unaccustomed  to  work,  he  should  be  advised  of  the  details  of  the 
operation  and  the  order  in  which  the  instruments  will  probably  be 
required.  In  operations  upon  the  bulb,  the  assistant  should  be  in- 
structed as  to  the  method  of  removing  pressure  from  the  eyeball  by 
lifting  the  speculum,  and  also  as  to  the  probable  procedures  in  case 
of  complications.  The  nurse  should  be  prepared  to  render  any 
assistance  required,  and  neither  surgeon  nor  assistants  should  have 
handled  septic  cases  for  some  hours  before  operating.  If  several 
cases  have  to  be  operated  upon  at  the  same  time,  and  some  of  them 
are  septic,  these  should  be  taken  last. 

PREPARATION  OF  THE  INSTRUMENTS,  SPONGES,  SUTURES, 
LIGATURES,  AND  DRESSINGS. 

Instruments.  All  the  instruments  to  be  employed,  with  the  excep- 
tion of  the  cutting  instruments  with  very  fine  points  (cataract  knives 
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and  neetUes,  keratomes,  etc.),  should  be  scrubbed  thoroughly  with 
soap  and  warm  water,  particular  attention  being  given  to  the  joints 
and  rough  parts.  It  is  better  to  do  this  immediately  after,  as  well 
as  before  each  operation.  They  are  then  placed  in  a  steam  sterilizer 
for  ten  minutes,  or  else  boiled  from  three  to  five  minutes  in  a  1  per 
cent,  solution  of  carbonate  of  sodium,  the  latter  preventing  them,  to 
some  extent,  from  rusting,  and  preserving  their  cutting  edges.  From 
the  sterilizer  the  instruments  are  immersed  in  absolute  alcohol, 
where  they  remain  until  the  surgeon  is  ready  to  proceed,  when  they 
are  transferred  to  sterile  water  or  sterile  saline  solution,  to  cleanse 


them  from  the  alcohol,  which  is  irritating  to  the  eye.  In  the  oper- 
ating-rooms of  hospitals  a  steam  sterihzer  is  usually  found,  but  in 
private  practice  it  is  necessary,  as  a  rule,  to  employ  the  boiling  method. 
For  this  purpose  the  writer's  portable  sterilizer  (Fig.  344)  is  very 
convenient.  After  the  instruments  have  been  boiled  the  perforated 
tray  containing  them  can  be  transferred  to  the  alcohol,  and  then  to 
the  water  or  saline  solution,  no  instrument  being  touched  until  the 
operation  begins. 

Experience  has  shown  that  the  delicate  cutting  instruments  cannot 
be  treated  in  the  same  manner  as  the  coarser  instruments  without 
destroying  to  a  large  extent  their  cutting  qualities.  They  are,  there- 
fore, first  wiped  with  sterile  cotton  moistened  with  absolute  alcohol. 
The  cutting  edges  and  points  having  been  carefully  inspected  for 
Tust  or  blood  clots,  are  then  wrapped  with  sterile  cotton  and  held 


Fig.  344. 


Veasey's  portable  sterilizer. 
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for  a  moment  in  boiling  water,  after  which  they  may  be  placed  in 
absolute  alcohol  or  wrapped  in  sterile  absorbent  cotton  until  required 
for  use.  Immediately  before  using  them  they  should  again  be  dipped 
in  boiUng  water  for  an  instant. 

Many  different  methods  to  obtain  the  same  results  are  employed 
by  different  ophthalmic  surgeons.  For  example,  some  do  not  employ 
absolute  alcohol,  but  place  the  instruments  after  boiling  in  a  3  per 
cent,  solution  of  carbolic  acid,  or  a  1 :  1000  solution  of  formaldehyde. 
Others  transfer  them  at  once  from  the  sterilizer  to  sterile  water. 
Still  others  sterilize  by  means  of  formaldehyde  gas,  employing  spe- 
cially devised  sterilizers  for  the  purpose.  The  one  here  illustrated 
(Fig.  345)  was  devised  by  Reik,  of  Baltimore,  and  is  a  very 
excellent  one  for  this  method.    Before  beginning  an  operation,  it  is 


Fig.  345. 


Reik's  formalin  sterilizer. 


always  a  goocl  procedure  to  arrange  the  instruments  in  the  order  in 
which  they  will  probably  be  required.  This  can  be  done  when  placing 
them  in  the  sterilizing  tray,  and  any  one  can  then  be  picked  out  more 
quickly  should  complications  arise  during  this  operation. 

Sponges.  In  ophthalmic  operations  ordinary  sponges  may  be 
used  prepared  by  the  usual  methods  in  vogue  among  general  sur- 
geons, but  small  pieces  of  sterile  gauze,  or  small  pledgets  of  sterile 
cotton,  are  preferable.  In  deep-seated  operations  in  the  orbit  it  is 
more  satisfactory  to  have  the  gauze  wrapped  on  the  ends  of  sterile 
sticks  or  probes,  so  that,  in  sponging,  the  parts  may  be  more  readily 
reached  and  the  assistant's  hand  will  not  obscure  the  field  of  operation. 

Sutures  and  Ligatures.  Catgut,  either  plain  or  chromicized,  and 
fine  silk  are  employed  as  sutures  and  ligatures  in  ophthalmic  opera- 
tions, and  the  methods  of  their  preparation  do  not  differ  from  those 
in  use  in  general  surgery.    The  silk  may  be  either  white  or  black, 
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but  the  latter  is  to  be  preferred  if  it  is  to  remain  in  position  for  some 
time,  as  it  is  more  readily  located  for  removal.  After  the  :  utures  are 
removed  from  the  solutions  in  which  they  usually  are  kept  they  are 
placed  in  absolute  alcohol  until  required,  when  they  are  rinsed  in 
sterile  water.    The  same  procedure  applies  to  ligatures. 

Dressings.  The  dressings  to  be  placed  upon  an  eye  after  an 
operation  necessarily  differ  according  to  the  nature  of  the  operation 
and  the  exigencies  of  the  case.  In  extensive  operations  about  the 
lids  they  do  not  differ  from  those  employed  in  surgery  elsewhere — 
viz.:  a  protective,  pads  of  sterile  gauze,  absorbent  cotton,  and  a  roller 
bandage.  The  gauze  may  have  been  made  sterile  by  heat,  or  soaked 
in  a  solution  of  mercuric  chloride  (1 :  1000  or  1 :  2000)  or  other  germi- 
cide, and  dried.  The  bandage  should  also  be  sterile,  and  gauze  is  to 
be  preferred  in  preparing  it,  as  it  retains  its  position  much  better 
than  if  made  of  flannel.  The  dressing  may  be  either  dry  or  wet.  In 
the  latter  instance  it  is  soaked  in  some  solution  before  placing  in 
position,  usually  mercuric  chloride  (1:  5000),  boric  acid  (gr.  x  to  Sj), 

or  sterile  normal  saline  solution,  and 
the  excess  squeezed  out  with  the  hand. 

In  the  majority  of  ophthalmic  oper- 
ations the  following  method  of  dress- 
ing the  eye  will  prove  satisfactory: 
A  few  layers  of  sterile  gauze  two  and 
one-half  inches  in  diameter  are  moist- 
ened with  a  solution  of  mercuric 
chloride  (1:  5000),  and  placed  over 
the  closed  eyelids.  Over  this  is  placed 
sufficient  sterile  absorbent  cotton  to 
fill  in  the  depression  made  by  the  or- 
bital ridge  and  the  nose.  These  are 
fastened  securely  in  position  by  a  few 
strips  of  isinglass  plaster.  If  the  pa- 
tient is  quiet,  this  is  sufficient;  if  he 
is  restless,  however,  or  untrustworthy 
as  to  passing  his  fingers  beneath  the 
dressings,  or  lifting  it  in  an  attempt  to  see,  it  is  safer  to  add  the 
figure-of-eight  bandage.  Indeed,  in  many  cases,  as  after  cataract 
extractions  or  iridectomies,  it  is  an  excellent  plan  to  place  over  the 
above  dressing  a  protective  mask  such  as  that  shown  in  Fig.  346, 
which  was  devised  by  the  late  Dr.  Frank  W.  Ring,  of  New  York,  and 
is  made  of  papier-mache.  Other  masks  made  of  wire  or  aluminum 
are  employed  by  some  surgeons.  In  place  of  the  figure-of-eight  band- 
age in  some  cases,  and  especially  in  those  who  are  continuing  their 
vocations,  a  modified  Liebreich  bandage,  which  is  knit  of  black  zephyr 
and  fastened  in  position  by  a  tape  at  each  end,  will  be  very  acceptable. 
It  is  made  either  single  or  double,  according  to  whether  it  is  required 
for  one  or  for  both  eyes.  A  pres.mre  bandage  is  not  applied  differently 
from  that  described,  except  that  sufficient  cotton  is  so  placed  over 


Fig.  346. 


Ring's  oye  mask. 
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the  gauze  pads  that,  when  the  bandage  is  applied,  firm  pressure  upon 
the  eyeball  is  made.     A  ring  dressing,  such  as  is  employed  some- 


FlG.  347. 


Modified  Liebreicii  bandage. 


times  after  skin-grafting,  is  made  by  surrounding  the  whole  field 
of  operation  with  a  ring  of  sterile  gauze  sufficiently  thick  to  pre- 
vent the  dressings  from  coming  in  contact 
with  it.    Eye  shades  are  sometimes  em-  fig.  348. 

ployed  after  the  dressings  have  been  dis- 
carded, and  should  be  firm,  light,  and  so 
shaped  that  sufficient  air  can  enter  behind 
them  to  keep  the  eye  cool  and  dry.  (Fig. 
348.)  A  Buffer  shield  may  be  employed 
in  certain  cases  as  a  protective  dressing. 
Occasionaffy,  as  in  tuberculous  disease  of 
the  orbital  bones,  it  is  necessary  to  employ 
iodoform  dressings  about  the  eye,  but  these  do  not  differ  in  any 
respect  from  similar  dressings  employed  elsewhere. 


ANESTHESIA. 

w 

General  Ansesthesia.  In  the  great  majority  of  ophthalmic  opera- 
tions local  ansesthesia  is  sufficient;  but  in  a  few,  such  as  enucleation 
of  the  eyeball,  operations  upon  severely  inflamed  eyes,  removal  of 
orbital  growths,  plastic  operations  upon  the  lids,  and  in  most  of  the 
operations  upon  children  or  very  nervous  individuals,  general  anaes- 
thesia is  required.  Ether  is  preferable  to  chloroform,  except,  perhaps, 
in  patients  affected  with  chronic  bronchial  diseases,  in  whom  it  is 
liable  to  give  rise  to  an  attack  of  pneumonia.  Bromide  of  ethyl  is 
sometimes  employed,  and  at  the  present  time  is  attracting  consid- 
erable attention  among  French  surgeons,  but  by  most  operators 
it  is  considered  to  possess  no  advantage  ovei-  ether  or  chloroform. 
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Nitrous  oxide  gas  may  be  employed  advantageously  in  short  opera- 
tions in  very  nervous  patients,  as  in  the  dilatation  of  strictures  of 
the  lacrymal  duct  or  in  the  removal  of  a  chalazion. 

Local  Anaesthesia.  For  the  purpose  of  local  anaesthesia  in  opera- 
tions upon  the  eye,  the  hydrochlorate  of  cocaine  is  employed  proba- 
bly more  generally  than  any  other  drug,  although  witMn  recent  years 
a  number  of  new  local  anaesthetics  have  been  introduced,  each  of 
which  has  its  advocates.  The  hydrochlorate  of  cocaine  is  employed 
ordinarily  in  a  2  to  4  per  cent,  solution,  and  even  as  strong  as  10 
per  cent,  by  some  surgeons,  and,  as  it  produces  some  softening  of  the 
corneal  epithelium,  the  eyelids  should  remain  closed  after  its  instilla- 
tion. For  superficial  operations,  one  instillation  usually  suffices,  the 
operation  being  performed  five  minutes  later;  but  in  deeper  opera- 
tions, for  example,  iridectomy,  extraction  of  the  cataractous  lens, 
and  tenotomy,  three  instillations  should  be  employed  at  five-minute 
intervals,  and  the  operation  begun  fifteen  minutes  after  the  first 
instillation  has  been  made.  By  following  this  method,  the  cocaine 
has  sufficient  time  to  reach  the  deeper  structures  of  the  eye,  and 
much  less  pain  will  follow  the  seizure  of  the  iris  or  tendon  than 
otherwise.  Operations  should  be  completed  either  witliin  twenty 
minutes  from  the  time  of  the  last  instillation,  or  other  instillations 
made  to  prolong  the  effect.  For  the  removal  of  a  Meibomian  cyst, 
the  hypodermic  injection  of  a  drop  or  two  of  a  2  per  cent,  solution 
in  the  immediate  neighborhood  of  the  cyst  will  render  the  operation 
far  less  painful  than  will  several  instillations. 

Hydrochlorate  of  eucainc  "A"  and  hydrochlorate  of  eucaine  "B" 
are  sometimes  used  as  local  ana;sthetics,  although  the  first  is  em- 
ployed by  no  means  so  frequently  as  formerly,  as  the  latter  is  less 
irritating  and  less  toxic.  The  advantages  claimed  for  eucaine  "B" 
are  that  it  is  one-fourth  as  toxic  as  cocaine,  does  not  affect  the 
heart,  does  not  produce  mydriasis,  nor  affect  the  accommodation. 
The  disadvantages  are  much  more  congestion  and  bleeding  during 
and  after  operation,  and  frequent  sloughing  of  the  tissues  when  em- 
ployed hypodermically.  For  producing  local  anaesthesia  about  the 
eye,  2  per  cent,  solutions  are  recommended. 

Tropacocaine  in  3  per  cent,  solution  is  employed  by  some  surgeons 
(Schweigger,  Silex),  who  claim  more  rapid  anaesthesia  than  with  other 
di"ugs  of  this  class.    The  effect  also  wears  off  more  quickly. 

Holocaine  is  one  of  the  newest  members  of  this  group,  and  is  used 
in  from  1  to  2  per  cent,  solution.  It  is  claimed  that  it  does  not  affect 
the  corneal  epithelium,  produce  mydriasis,  nor  impair  the  accom- 
modation, and  that  it  produces  anaesthesia  more  quickly  than  cocaine ; 
the  anaesthesia,  however,  does  not  last  so  long.  It  is  preferred  to 
cocaine  by  some  surgeons  (Knapp,  Derby)  in  all  operations  in  which 
local  anaesthesia  is  used.  As  it  possesses  some  bactericidal  action 
and  does  not  affect  the  corneal  epithelium,  it  should  be  given  the 
preference  in  corneal  affections  in  which  local  anajsthesia  is  required, 
and  in  the  removal  of  foreign  bodies. 
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Inasmuch  as  most  of  these  solutions,  as  well  as  other  alkaloidal 
solutions  employed  in  the  eye,  present  excellent  media  for  the  growth 
of  various  fungi,  they  should  be  sterilized  thoroughly  before  being 
used  in  operative  procedures.  This  may  be  done  by  boiling  or  by 
preparing  the  solutions  in  some  antiseptic  medium;  for  example, 
1 :  5000  mercuric  chloride,  or  1 : 1000  tricresol 
(E.  A.  de  Schweinitz).  The  use  of  a  saturated 
solution  of  boric  acid  will  not  prevent  the  growth 
of  fungi,  but  will  prolong  somewhat  the  period 
prior  to  their  appearance.  For  sterilization  by 
boiling,  the  Stroschein  flask  is  very  convenient. 
(Fig.  349.) 

Infiltration  Anaesthesia.  This  method  of  pro- 
ducing local  ana3sthesia,  as  suggested  by  Schleich, 
consists  of  the  intracutaneous  injection  of  the 
following  solution : 

Cocainae  hydrochlorat.,  gfr.  j. 

Sodi  chloridii,  gr.  j. 

Aquae  dustiUata,  Sj.— M. 

By  means  of  a  hypodermic  syringe  a  drop  or 
two  of  the  solution  is  injected  into  the  skin,  result- 
ing in  the  production  of  a  small  wheal.  Another 
injection  is  then  made  at  the  edge  of  the  first 
wheal,  and  the  procedure  repeated  until  the  area  desired  has  become 
anaesthetized.  The  anesthetic  area,  however,  is  limited  strictly  to 
the  wheals  thus  produced,  and,  on  accomit  of  the  vascularity  and 
looseness  of  the  tissues  of  the  lids,  the  method  is  of  infrequent  use  in 
ophthalmic  practice. 

POSITION  OF  PATIENT  AND  OPERATOR. 

The  position  of  the  patient  during  operation  is  perhaps  more  a 
matter  of  convenience  to  the  surgeon  than  of  importance  to  the 
patient,  except  in  rare  instances.  In  major  operations  most  opera- 
tors prefer  to  have  the  patient  in  a  reclining  posture,  preferably  in 
the  same  bed  in  which  he  is  to  remain  during  convalescence;  others 
employ  an  operating-chair,  the  patient  being  in  a  half -sitting  and 
half-reclining  position  during  the  operation.  In  most  operations  it 
is  probably  a  matter  of  little  consequence  which  plan  is  adopted, 
but  in  iridectomy  and  in  extraction  of  the  cataractous  lens  it  has 
always  seemed  to  the  writer  more  convenient  and  less  risky  to  oper- 
ate upon  the  patient  in  his  own  bed  if  suitable  illumination  could 
be  obtained.  Ordinarily  the  patient  should  be  reclining  upon  his 
back,  his  head  resting  upon  one  or  two  hard  pillows,  with  the  face 
directed  upward,  his  eyes  being  slightly  lower  than  the  level  of  the 
forearm  of  the  surgeon  when  it  is  extended  a  little  below  the  hori- 
zontal, as  this  is  the  position  least  tiresome  to  the  operator.  In 
modern  hospitals  the  beds  can  be  moved  on  rubber-tired  trucks 
wherever  desired,  and  the  jar  of  transferring  the  patient  from  the 


Fig.  349. 


Stroschein's  flask. 
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table  or  chair  to  the  bed  is  thereby  avoided.  Should  a  chair  be 
employed,  the  one  recommended  by  Knapp  is  very  satisfactory  (Fig. 
350) ;  but  for  minor  operations  in  the  office  an  ordinary  arm-chair  with 


Fig.  350. 


Knapii's  operating-clialr. 


a  low  back,  over  which  is  placed  a  small  pil- 
low for  the  patient's  neck  and  head  to  rest 
upon,  will  be  found  to  answer  the  purpose 
fairly  well. 

The  position  of  the  operator  maybe  either 
behind  or  beside  and  somewhat  in  front  of 
the  patient.  If  he  is  ambidextrous,  he  may 
stand  behind  in  all  operations;  if  not,  he 
will  be  obliged  to  stand  behind  in  certain 
operations  upon  the  right  eye,  and  beside 
the  patient  in  the  same  operation  upon  the 
left  eye;  for  example,  in  making  corneal 
sections  in  the  extraction  of  cataract.  If 
he  will  accustom  liimself  to  stand  behind 
the  patient  in  as  many  operations  as  pos- 
sible, however,  it  will  be  found  much  more 
convenient,  as  he  may  operate  upon  either 
eye  without  shifting  his  position. 
Knapp  has  truly  said  that  ambidexterity  is  not  a  gift  of  nature, 
but  must  be  acquired.  This  can  be  done  only  by  frequent  practice. 
To  most  of  us  it  is  quite  natural  to  manipulate  the  instruments  with 
one  hand  only;  the  other  must,  therefore,  be  educated.  This  can  best 
be  done  by  practice  upon  the  eyes  of  animals  in  operating  masks  (Fig. 
351),  those  of  the  pig  being  the  best,  as  sufficient  quantity  can  always 
be  obtained.    The  methods  of  practice  have  been  given  elsewhere.^ 


Operating  mask  for  practising  on 
animals'  eyes. 


'  See  the  writer's  book,  Opbtlialmic  Operations  as  Practised  on  Animals'  Eyes. 


PBEPABATION  FOR  OPERATIONS  UPON  THE  EYE. 


663 


ILLUMINATION. 

In  most  of  the  operations  upon  the  eye  it  is  imperative  that  the 
illiunination  be  of  the  best.  It  matters  not  whether  it  is  ordinary 
dayhght  or  artificial  Hght  from  an  Ai-gand  bm-ner  or  electric  bulb. 
It  should  come  from  the  side  of  the  eye  to  be  operated  upon,  and 
should  be  the  brightest  possible,  barring  direct  sunlight.  That 
obtained  from  a  small  space  is  the  most  satisfactory,  as  annoying 
reflections  are  thereby  avoided.  If  artificial  light  from  an  Argand 
burner  is  employed,  the  assistant  throws  it  upon  the  eye  by  means 
of  a  condensing  lens,  thus  increasing  its  briUiancy;  if  from  an  electric 
bulb,  the  light  should  be  covered  with  a  reflector.  The  latter  is  a 
very  convenient  method  of  illumination  in  cases  in  which  the  arti- 


FlG.  352. 


Electric  bulb  with  reflector. 

ficial  light  is  employed,  as  it  may  be  attached  to  any  outlet  from  the 
street  current,  and  with  sufficient  mre  can  be  carried  to  the  most 
remote  parts  of  the  operating-room.    (Fig.  352.) 

It  is  also  of  great  importance  that  the  vision  of  the  operator  be 
good.  The  eye  is  a  very  small  organ,  and  many  of  the  operations 
require  delicate  manipulation  in  small  spaces,  so  that  good  vision 
and  illumination  are  indispensable.  Operators  having  refractive 
errors  requiring  correction  for  distinct  near  vision  should  wear 
that  correction  while  operating.  Various  magnifying  glasses 
have  been  suggested  from  time  to  time  by  different  surgeons — 
Jackson,  Berger,  and  others  (Fig.  4,  Chapter  I.) — to  improve  the 
vision  in  operative  work,  even  in  those  who  have  no  refractive 
error,  but  these  have  not  seemed  to  the  writer  to  possess  any 
advantage  over  the  ordinary  correcting  lenses  in  those  whose  media 
are  perfectly  clear. 
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TIME  OF  PERFORMANCE. 

Operations  may  be  performed  at  any  hour  of  the  day  or  night,  or 
at  any  season  of  the  year.  With  proper  illumination,  just  described, 
cases  first  seen  at  night  or  on  very  cloudy  days,  and  requiring  im- 
mediate operative  interference,  need  not  be  postponed.  The  season 
of  the  year  influences  results  in  those  operations  requiring  more  or 
less  prolonged  confinement  in  bed  only  in  so  far  as  it  may  increase 
the  debilitated  condition  of  the  patient.  Obviously,  therefore,  if 
avoidable,  very  stout  persons  should  not  be  operated  upon  in  ex- 
cessively hot  weather,  nor  those  affected  with  nephritic  or  pulmon- 
ary diseases  in  extremely  cold  weather.  In  most  cases  it  is  probably 
better  to  operate,  if  possible,  early  in  the  morning,  while  fresh  and 
before  other  cases  have  been  handled.  In  the  operation  for  cataract, 
however,  it  is  thought  by  some  surgeons  to  be  better  to  operate  in  the 
afternoon,  as  the  few  hours  of  smarting  which  usually  follow  this 
operation  will  be  succeeded  by  a  night's  sleep  and  rest,  so  necessary 
for  the  early  union  of  the  corneal  womid. 

AFTER-TREATMENT. 

It  is  manifestly  impossible  to  give  any  hard-and-fast  rules  con- 
cerning the  after-treatment  of  operative  cases  applicable  to  all 
alike.  The  sjDCcial  requirements  of  the  more  important  operations 
have  been  given  elsewhere  when  the  technique  of  the  operative 
procedures  has  been  described.  In  general,  however,  if  there  is 
much  pain  following  an  operation  or  the  patient  is  restless,  an 
anodyne  should  be  administered.  Sleep  and  rest  can  usuallj^  be 
obtained,  if  pain  is  not  present,  by  the  administration  of  15  grains 
of  trional.  If  pain  is  a  prominent  symptom,  a  hypodermic  injection 
of  morphine  may  be  given.  The  patient  should  not  be  permitted  to 
lie  in  one  position  any  longer  than  absolutely  necessary,  especially 
upon  the  back,  for  fear  of  hypostatic  congestion  of  the  lungs.  If 
there  is  any  history  of  hemoi-rhage  having  followed  a  former  opera- 
tion, the  head  of  the  patient  should  be  kept  high  by  means  of  several 
pillows  in  addition  to  elevation  of  the  head  of  the  bed.  Patients 
accustomed  to  the  habitual  use  of  considerable  quantities  of  spirit- 
uous liquors  should  not  have  these  entirely  withdrawn,  but  should 
be  served  in  moderation.  In  operations  requiring  the  eyeball  to  be 
opened  or  in  extensive  operative  procedures,  it  is  better  to  keep  the 
patient  on  soft  diet  for  the  succeeding  twenty-four  to  forty-eight 
hours.  As  a  rule,  the  dressings  should  be  changed  daily,  and  the 
eyes  carefully  inspected  and  cleansed  with  warm  boric  acid  lotion  until 
they  are  no  longer  required;  and  eyes  that  have  been  bandaged  for 
some  time  should  gradually  be  accustomed  to  the  light.  If  the  bowels 
do  not  move  of  themselves  in  three  or  four  da3'^s,  a  laxative  should 
be  administered,  and  in  all  operations  upon  the  bulb  straining  at 
stool  should  carefully  be  guarded  against. 


CHAPTER  XV. 


THE  TECHmQUE  OF  THE  PATHOLOGICAL  AND 
BACTERIOLOGICAL  EXAMINATIONS 
OF  THE  EYE. 

By  EDWARD  A.  SHUMWAY,  B.S.,  M.D. 

The  study  of  the  pathology  of  the  eye,  in  certain  sections,  has  not 
kept  pace  with  that  of  general  pathology,  a  fact  that  is  due  perhaps 
to  the  almost  entire  silence  upon  this  subject  of  works  on  general  path- 
ology and  pathological  technique.  In  no  part  of  the  body,  how- 
ever, are  so  many  different  tissues  intimately  related  in  a  small 
space,  and  the  additional  interest  which  the  microscopic  study  of 
the  varied  pathological  conditions  brings  to  our  clinical  observations, 
well  repays  the  efforts  made  to  master  the  technique  that  is  required. 
An  elaborate  outfit  is  not  necessary.  A  good  microscope,  with  an  oil- 
immersion  lens,  if  bacteriological  examinations  are  to  be  made,  and 
a  microtome,  for  holding  the  knife  in  making  sections  of  the  embedded 


Fig.  353. 


Medium  laboratory  microtome. 


tissue,  are  the  first  essentials.  An  expensive  microtome  may  be  dis- 
pensed with.  The  Schauze  model  (Fig.  353),  made  by  the  Bausch  & 
Lomb  Optical  Company,  is  an  excellent  instrument.  Good  section- 
cutting  depends  more  upon  the  success  in  embedding  and  upon  the 
condition  of  the  knife  than  upon  costly  microtomes.  The  best  knives 
are  made  by  Walb,  in  Heidelberg,  and  a  fairly  heavy  one,  with  a 
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cutting  edge  from  16  to  20  cm.  long,  should  be  selected.  (Fig.  354.) 
Aside  from  these  larger  instruments,  we  need  a  pair  of  fine  forceps 
(preferably  curved),  needle-holders,  spatulas  (one  broad  and  one 
narrow),  staining  dishes,  cover-glasses,  slides,  etc.  For  many  sec- 
tions the  ordinary  sUde,  1x3  inches,  is  sufficiently  large,  but  for 
sections  of  the  entire  eyeball,  slides  1^x3  inches,  or  the  German  size, 
70  x  35  mm.  (I|x2f  inches),  may  be  ordered.  Convenient  sizes 
for  cover-glasses  are  18  mm.  square;  21x26  mm.  for  sections  of 


one-half  of  the  eyeball,  and  28  mm.  square  for  the  entire  ball.  Larger 
ones,  28  x  32  mm.,  are  occasionally  useful,  and  when  still  larger  forms 
arc  necessary  isinglass  may  be  obtained  in  sheets  and  cut  to  the 
proper  size. 

Obtaining  Material.  Normal  eyes  are  difficult  to  obtain,  but  may 
be  secured  occasionally  in  resections  of  the  upper  jaw,  and  very  sat- 
isfactory specimens  are  furnished  when  the  eye  is  enucleated  for 
small  malignant  growths  of  the  anterior  part  of  the  eyeball  or  of  the 
optic  nerve.  Many  interesting  conditions  require  enucleation,  and 
pathological  alterations  of  the  conjunctiva  may  be  studied  by  re- 
moving small  bits  of  the  tissue  after  cocaine  anesthesia.  In  post- 
mortem exaniiiiations  the  removal  of  the  eyes  is  rarely  permitted ; 
but  if  the  skull  has  been  opened,  the  posterior  halves  of  the  eyes  may 
be  secured  by  breaking  through  the  roof  of  the  orbit,  dissecting  away 
the  fat,  and  carefully  cutting  through  the  sclera  in  the  equatorial 
direction  with  a  sharp  pair  of  scissors. 

After  the  material  has  been  obtained,  it  should  be  placed  in  a 
fixing  fluid  as  soon  as  possible,  in  order  that  the  fine  changes,  which 
take  place  in  the  nervous  structures  of  the  eye,  may  be  prevented, 
and  the  tissues  preserved  in  approximately  the  same  condition  as  in 
life.  The  exact  time  for  the  earliest  appearance  of  post-mortem 
changes  in  the  retinal  ganglion  cells  has  not  been  determined  for  the 
human  eye.  Birch-Hirschfeld,  however,  found  decided  changes  in 
rabbits'  eyes  two  hours  after  death,  and  it  is  fair  to  assume  that  if  a 
much  longer  time  has  elapsed,  the  human  eyeball  can  be  of  little 
value  for  a  study  of  the  ganglion  cells,  although  it  may  still  be 
useful  in  determining  changes  in  other  less  susceptible  portions. 


Fig.  354. 


Kuife  for  microtome. 
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Preparation  of  the  Eyeball.  On  removal  of  the  eye  the  measure- 
ments of  its  diameters  should  be  made,  and  any  peculiarities  in  its 
external  appearance  carefully  noted.  The  measurements  may  con- 
veniently be  obtained  by  means  of  an  instrument  like  the  one 
shown  in  Fig.  355,  which  was  designed  for  measuring  interpupil- 
lary  distances.  They  should  include  the  antero-posterior  diameter 
and  the  vertical  and  horizontal  diameters  at  the  equator.  The  side 
of  the  head  from  which  the  eye  was  removed  should  also  be  noted. 
The  optic  nerve  enters  the  eyeball  on  the  nasal  side  of  the  posterior 
pole,  so  that  if  the  long  axis  of  the  cornea  is  held  in  a  horizontal 

Fig.  355. 


Instrument  tor  obtaining  measurements  of  the  eyeball. 


direction,  and  the  optic  nerve  directed  toward  the  imaginary  fellow 
eye,  the  problem  of  orientation  later  should  be  a  simple  one.  If  this 
fact  is  not  recorded,  we  must  rely  on  the  appearance  and  insertion  of 
the  oblique  muscles,  provided  that  they  are  still  present.  The  in- 
ferior obhque  tendon  is  more  fleshy,  and  is  attached  farther  away 
from  the  cornea  than  the  superior.  Both  are  inserted  on  the  tem- 
poral side  of  the  corresponding  rectus  muscle.  Hence,  if  the  long 
axis  of  the  cornea  is  held  again  in  the  horizontal  plane,  with  the 
superior  rectus  up,  the  attachments  of  the  obliques  will  indicate 
the  temporal  side  of  the  eyeball,  and  the  side  from  which  it  was 
removed.  The  position  of  any  ulceration  or  opacity  of  the  cornea 
should  be  sketched,  and  the  presence  of  a  coloboma  or  other  pecu- 
liarity of  the  iris  noted.  If  an  intra-ocular  tumor  is  suspected,  it 
may  be  located  by  noticing  a  cUfference  in  resistance  to  pressure,  or 
by  looking  through  the  pupil  while  the  eye  is  held  before  a  bright 
light.  Ordinarily,  sections  are  made  of  the  antero-posterior  diam- 
eter of  the  eyeball,  so  that  the  eye  should  be  divided  in  this  direction. 
This,  however,  should  be  done  after  the  fixation  and  hardening,  in 
order  to  avoid  distortion  of  the  halves. 

Fixation  and  Hardening.  Unless  some  special  examination  is  re- 
quired (see  method  for  the  retinal  ganglion  cells,  page  678),  we  may 
confine  ourselves  to  the  use  of  two  solutions — formalin  and  Miiller's 
fluid. 

Miiller's  fluid  consists  of:  potassium  dichromate,  2.5  gm.;  sodium 
sulphate,  1  gm.;  distilled  water,  100  gm.  The  solution  should 
be  used  in  considerable  quantity,  and  the  bottom  of  the  jar  covered 
with  cotton,  so  that  the  fluid  may  have  ready  access  to  all  por- 
tions of  the  eyeball  and  the  eye  not  injured  in  transportation.  It 
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is  unnecessary  to  make  an  opening  in  the  eyeball,  as  the  fluid  pene- 
trates rapidly.  The  specimen  should  be  kept  in  the  dark  to  prevent 
the  formation  of  precipitates,  and  the  fluid  should  be  changed  daily 
until  it  no  longer  becomes  cloudy.  At  the  end  of  six  weeks,  at 
ordinary  room  temperature,  or  after  two  weeks  in  the  incubator 
(37°-40°  C.)  the  eye  should  be  washed  thoroughly  in  running  water  for 
twenty-four  hours,  and  then  hardened  in  gradually  ascending  strengths 
of  alcohol.  Miiller's  fluid  is  of  special  value  when  it  is  desirable 
to  employ  the  Weigert  stain  for  the  nerve  sheaths,  and  even  when 
other  methods  for  fixation  are  used,  it  is  well,  if  the  length  of  the 
nerve  permits,  to  cut  off  a  piece  and  place  it  in  Miiller's  fluid  for  cross- 
sections.  It  is  also  the  best  medium  for  the  examination  of  the  lens, 
as  formalin  causes  this  structure  to  shrink.  Its  disadvantages, 
however,  are  that  it  disturbs  the  chromatin  elements  of  the  cells, 
and  is  not,  therefore,  suitable  for  the  study  of  nuclear  structures  ; 
it,  moreover,  does  not  at  once  check  the  post-mortem  growth  of  or- 
ganisms, and  makes  the  subsequent  staining  for  bacteria,  especially 
for  tubercle  bacilli,  very  difficult. 

Formalin  is  a  40  per  cent,  solution  of  formaldehyde  gas,  and 
should  be  diluted  with  9  parts  of  water  for  ordinary  use.  Stronger 
solutions  are  apt  to  cause  black  precipitates  in  the  sections,  particu- 
larly in  the  presence  of  blood.  The  eyeball  should  not  remain  in  the 
solution  longer  than  forty-eight  hours.  The  penetration  and  fixation 
are  very  rapid,  and  the  sclera  and  lens  soon  become  so  hard  that  they 
are  difficult  to  cut.  Subsequent  washing  with  water  is  desirable,  but 
not  absolutely  necessary,  and  the  globe  is  then  hardened  with  alcohol. 
This  should  be  done  slowly,  in  order  to  avoid  shrinking  of  the  tissues 
and  detachment  of  the  retina  as  far  as  possible.  Beginning  with  a 
33  per  cent,  solution,  the  e3'-e  remains  for  a  day  each  in  33,  40,  50,  60, 
70,  and  80  per  cent,  solutions.  It  is  left  in  80  per  cent,  alcohol  for 
several  days,  and  is  then  ready  to  divide. 

Alcohol  should  not  be  used  as  a  fixing  agent,  as  for  this  purpose 
it  must  be  of  absolute  strength,  and  the  rapid  withdrawal  of  water 
from  the  tissues,  which  accompanies  the  fixation,  produces  so  much 
shrinking  that  the  eye  is  very  much  distorted.  It  is  of  considerable 
value  if  the  sections  are  to  be  examined  for  tubercle  bacilli,  or  in  ex- 
amination of  the  retinal  ganglion  cells  by  the  Nissl  method,  but  for- 
malin is  almost  equally  serviceable  in  these  cases.  The  combination 
of  Miiller's  fiuid  and  formalin  in  the  proportion  of  10  parts  of 
Miiller's  fluid  and  1  part  of  strong  formalin,  as  suggested  by 
Orth,  is  a  very  good  one ;  the  swelling  of  the  tissue  caused  by  the  one 
offsets  the  shrinking  produced  by  the  other. 

Cutting  the  Eyeball.  If  a  part  of  the  eyeball  is  to  be  preserved  as 
a  microscopic  specimen,  it  will  usually  be  cut  in  a  horizontal  or  ver- 
tical plane,  which  passes  through  the  cornea  and  optic  nerve.  If  an 
intra-ocular  tumor  is  present,  the  eye  should  be  so  divided  as  to  show 
the  connection  of  the  growth  with  the  tissue  from  which  it  has 
sprung.    Tumors  of  the  anterior  segment  of  the  eye  can  readily  be 


EXAMINATIONS  OF  THE  EYE. 


669 


seen;  those  of  the  choroid  can  usually  be  located  by  careful  palpa- 
tion of  the  sclera.  If  this  precaution  is  not  observed,  the  section  may 
pass  through  the  cap  of  the  growth  as  it  projects  forward,  and  the 
very  puzzling  picture  be  presented  of  a  round  growth  lying  isolated 
in  the  centre  of  the  eyeball.  If  the  entire  eye  is  to  be  used  for  mi- 
croscopic study,  the  best  plan  is  to  make  an  antero-posterior  section 
well  to  one  side  of  the  optic  nerve  and  the  corneal  centre.  In  the 
subsequent  embedding  process  the  retina  is  apt  to  detach  and  sink 
below  the  level  of  the  sclera,  so  that  if  the  eye  has  been  divided  exactly 
through  the  centre  of  the  nerve  and  cornea,  many  of  the  first  sections 
will  not  include  this  membrane,  and  a  portion  of  the  nerve  itself  may 
be  cut  away  before  the  specimen  is  accurately  levelled  and  good  sec- 
tions are  obtained.  The  macroscopic  mounts  may,  however,  be  so 
valuable  for  demonstration  purposes  that  the  division  into  two  halves 
is  unavoidable.  If  the  eyeball  has  been  removed  because  of  an  exu- 
dative inflammation,  and  especially  if  it  is  atrophic,  it  may  be  cut  at 
once  without  danger  of  displacement  of  its  contents.  For  this  pur- 
pose a  sharp  brain  knife  or  a  good  table  knife  should  be  used.  A 
razor  is  objectionable,  because  its  finely  honed  edge  is  too  easily 
turned,  and  because  the  thick  back  prevents  a  smooth  section.  In 
a  relatively  normal  eye  the  lens  is  so  easily  displaced  that  the  eye- 
ball should  first  be  frozen.  Cutting  from  the  nerve  forward,  with 
the  cornea  pressed  against  a  resisting  surface,  is  less  apt  to  displace 
the  lens  than  cutting  laterally,  but  it  injures  the  epithelium  of  the 
cornea  and  produces  bad  artefacts.  The  freezing  necessitates  the  re- 
moval of  the  alcohol,  by  immersion  of  the  eye  in  water  for  at  least 
twelve  hours,  until  it  sinks  to  the  bottom  of  the  vessel.  It  is  then 
carefully  dried,  wrapped  snugly  in  oiled  silk  or  rubber  tissue,  and 
placed  in  the  centre  of  a  mass  of  coarsely  broken  ice  and  salt,  in  a 
box  with  a  perforated  bottom,  through  which  the  water  from  the 
melting  ice  may  be  drained.  Ordinarily  one  hour  will  suffice  to 
freeze  the  specimen,  and  it  is  now  cut  quickly,  on  a  large  cork,  with 
as  little  sawing  motion  as  possible.  The  two  hemispheres  are  then 
allowed  to  thaw  in  distilled  water.  By  this  method  the  contents  of 
the  globe  retain  their  relative  positions  and  permit  of  a  general  de- 
scription of  the  conditions  present.  The  half  which  contains  the 
most  important  changes  should  be  reserved  for  microscopic  study. 

Preservation  of  the  Macroscopic  Portion,  This  may  be  done  in  one 
of  three  ways:  by  drying,  by  mounting  in  fluid,  or  by  embedding  in 
gelatin. 

1.  Dry  Method.  The  hemisphere  is  passed  again  through  alcohol 
in  ascending  strengths  until  absolute  alcohol  is  reached.  It  is  then 
immersed  in  pure  turpentine  for  several  days,  and  the  turpentine  is 
allowed  to  evaporate  slowly.  Good,  permanent  dry  specimens  are 
thus  obtained.    The  method,  however,  is  rarely  used  in  this  country. 

2.  Preservation  in  Fluid.  For  this  purpose  formalin  in  4  per  cent, 
solution  is  very  useful.  The  eye  is  placed  in  the  solution  imme- 
diately after  thawing,  and  may  be  conveniently  mounted  in  a  cup  of 
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the  model  shown  in  Fig.  356.  It  is  held  in  position,  face  downward 
against  the  flat  surface  of  the  cup  by  means  of  a  glass  rod  which 
passes  through  the  rubber  cork.  The  disadvantages  of  the  method 
are  the  impossibility  of  preventing  disturbing  bubbles  of  air  from 
leaking  in,  however  much  care  be  taken  in  the  mounting,  the  danger 
of  subsequent  displacement  of  the  contents  of  the  eyeball,  which  are 
not  firmly  fixed  in  the  fluid,  and  the  distortion  of  the  specimen  by 

the  pressure  of  the  glass  rod,  espe- 
cially if  the  eyeball  is  empty.  The 
last  difficulty  may  be  avoided  by 
cementmg  the  eye  to  the  base  of  the 
cup  by  means  of  gelatin.  (Gelatin 
is  allowed  to  swell  in  water  for  several 
hours,  the  water  is  poured  off,  and 
an  equal  volume  of  glycerin  is  added, 
and  the  gelatin  melted  by  heat  and 
filtered.  When  the  eye  is  to  be 
mounted,  the  gelatin  is  melted,  ap- 
plied in  a  thin  coat  to  the  cut  surface 
of  the  eye,  and  the  latter  pressed 
firmly  against  the  bottom  of  the  cup,  which  may  presently  be  filled 
with  the  formalin.)  The  advantages  of  the  method  are  the  ease  in 
mounting,  the  preservation  of  the  natural  color  of  the  specimen,  and 
the  possibility  of  utilizing  the  eye  later  for  microscopic  examination, 
if  necessary. 

A  mocUfication  of  Kaiserling's  method  may  also  be  used  with  the 
same  eye  cups.  The  eyes  are  placed  in  4  percent,  formalin  for 
twenty-four  hours,  and  are  then  cut,  and  the  half  for  the  macro- 
scopic mount  is  wrapped  in  cotton  and  placed  in  solution  A,  com- 
posed of  :  sodium  acetate,  3  gm.;  potassium  chloride,  0.5  gm.;  for- 
malin, 10  gm. ;  water,  100  gm.  It  remains  in  this  fluid  for  four  days, 
and  is  then  placed  in  95  per  cent,  alcohol,  which  restores  the  original 
colors,  and  after  twenty-four  hours  is  changed  to  solution  B,  which 
consists  of:  potassium  acetate,  30  gm.;  glycerin,  60  gm.;  water, 
100  gm.  After  three  or  four  days  the  eye  is  permanently  mounted 
m  a  fresh  solution  of  the  same  formula. 

3.  Preservation  in  Glycerin  Jelly.  If  the  eyeball  has  been  hard- 
ened m  Muller's  fluid,  it  should  be  washed  thoroughly  in  water  for 
several  days,  and  bleached  in  a  5  per  cent,  solution  of  chloral 
hydrate  mitil  as  much  of  the  color  is  removed  as  may  be  possible. 
It  is  now  placed  in  a  mixture  of  glycerin  and  water— at  first  in 
the  proportion  of  1:3,  and  then  of  1:2,  for  one  day  each,  and  is 
ready  for  embeddmg  m  the  glycerin  jelly.  The  latter  is  made  as 
follows  (the  strength  of  the  gelatm  is  greater  than  that  usually 
recommended)  :  40  grammes  of  a  fine  quality  of  gelatin  (Coignet 
&  Co.,  Pans,  or  Conte  Fils,  Magdeburg,  Germany)  are  covered  with 
2o0  c.c  of  water  in  an  agateware  vessel,  and  allowed  to  swell.  Heat 
is  carefully  applied,  and  the  mixture  constantly  stirred  to  prevent 
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burning;  otherwise  the  jelly  will  have  a  brownish  color.  After  the 
gelatin  is  dissolved,  the  white  of  an  egg  or  a  small  amount  of  pre- 
pared egg  albumin  (Merck)  is  added,  and  the  solution  is  boiled 
vigorously  and  filtered  through  a  good  filter-paper  while  hot.  The 
filtrate  should  have  a  very  pale  straw  color,  and  be  perfectly  clear. 
To  it  is  added  an  equal  volume  of  glycerin  (C.  P.),  and  10  c.c. 
of  a  10  per  cent,  solution  of  carbolic  acid  for  each  1000  c.c.  of  the 
mixture,  to  prevent  the  growth  of  bacteria  and  moulds.  The  mount- 
ing jar  is  a  plain  cup,  measuring  1|  inches  in  diameter  and  1  inch 
deep,  with  a  flat,  well-polished  base  and  perpendicular  sides.  It  is 
filled  nearly  to  the  top  with  the  melted  jelly,  and  the  eye  is  immersed 
with  the  cut  surface  up.  All  bubbles  of  air  are  coaxed  out  of  the 
meshes  of  the  tissue  by  means  of  a  needle,  and  those  on  the  surface 
of  the  jelly  are  removed  by  touching  them  with  a  platinum  loop 
which  has  been  heated  in  a  Bunsen  burner.  The  eye  must  then  be 
turned  over  carefully,  so  that  no  bubbles  of  air  are  included,  the 
presence  of  which  may  be  detected  by  holding  the  cup  over  a  hand- 
mu-ror.  li  the  eyeball  is  empty,  this  requires  some  skill ;  but  if  it  is 
turned  with  one  needle,  while  a  second  one  pushes  in  the  sclera  and 
holds  the  cut  edge  below  the  surface  of  the  jelly,  the  difficulty  will 
be  slight.  The  jelly  should  cover  the  specimen,  but  should  not  fill 
the  cup  to  the  top.  The  eye  is  held  m  a  central  position  by  means 
of  a  pin  which  projects  through  a  piece  of  wood  or  card-board  placed 
over  the  top  of  the  cup,  and  the  specimen  is  placed  under  a  bell-jar  or  • 
other  suitable  dish  until  the  jelly  hardens.  After  several  days  the 
open  top  of  the  cup  is  sealed  by  cementing  to  it  a  white  porcelain 
disk,  and  the  cup  may  be  mounted  in  a  wooden  base.  (Fig.  357.)'  Good 
glycerin  jelly  is  quite  transparent, 
and  fixes  the  eye  firmly,  so  that 
there  is  no  danger  of  subsequent 
displacement  of  the  eye  contents. 
The  one  difficulty  in  temperate  cli- 
mates is  the  melting  of  the  jelly  in 
very  warm  weather.  This  may 
partly  be  avoided  by  turning  the 
specimen  cups  over  in  summer,  or, 
better  still,  by  exposing  the  mounted 
specimens  to  the  fumes  of  strong  formalin  placed  in  a  dish  under 
the  bell-jar  while  the  jelly  is  hardening.  Strong  formalin  added  to 
the  gelatin  in  solution  gives  it  a  whitish,  semiopaque  appearance, 
which  hides  the  details  of  the  eye  but  does  not  have  this  effect 
when  in  a  gaseous  state.  In  forty-eight  hours  the  jelly  is  hardened 
to  a  depth  of  about  a  quarter  of  an  inch,  and  this  portion  will  not 
melt  even  in  a  Bunsen  burner.  If  the  additional  precaution  is 
taken  to  invert  the  cups  in  very  warm  weather,  no  difficulty  should 
be  experienced  in  preserving  the  specimen  in  good  condition. 


Fig.  357. 


Base  for  mounting  cup. 


1  Wall  &  Ochs,  Philadelphia,  have  the  cups,  porcelain  disks,  and  wooden  bases  in  stock. 
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The  Preparation  of  the  Microscopic  Specimens.  The  half  for  mi- 
croscopic examination  should  be  searched  carefully  for  the  presence 
of  calcareous  or  osseous  deposits,  which  are  not  imcommon  after  a 
long-standing  exudative  inflammation  of  the  choroid  and  in  atrophic 
eyeballs.  Such  deposits  occur  most  frequently  in  the  surface  of  the 
choroid,  and  will  ruin  the  edge  of  the  microtome  knife  miless  re- 
moved. Many  solutions  are  used  for  decalcification.  Miiller's  fluia 
has  this  action,  but  requires  a  very  long  time.  Much  more  service- 
able is  a  10  per  cent,  solution  of  trichloracetic  acid,  which  decalcifies 
the  tissue  in  a  few  days,  and  does  not  injure  its  staining  qualities. 
The  solution  should  be  changed  daily,  and  the  tissue  thoroughly 
washed  in  water  afterward.  Nitric  acid,  in  3  to  9  per  cent, 
solution  in  water,  or  in  70  per  cent,  alcohol,  and  the  following  solu- 
tion, containing  phloroglucin,  also  give  good  results:  phloroglucin, 
1  gm.;  nitric  acid,  5  gm. ;  alcohol,  70  gm.;  water,  30  gm. 

Having  freed  the  specimen  from  chalk  deposits,  it  is  ready  for  em- 
bedding. For  this  purpose  we  must  have  a  substance  which  will  in- 
filtrate the  tissue  thoroughly  and  will  also  be  sufficiently  firm  to  prevent 
any  motion  of  the  parts  as  the  knife  is  drawn  across.  The  most 
satisfactory  material  for  the  entire  eyeball  is  celloidin.  Photoxylon, 
which  has  been  recommended  as  of  equal  value  as  celloidin,  is  still 
used  in  Germany,  but  can  no  longer  be  obtained  in  this  country. 
Paraffin  is  very  useful  in  cutting  small  growths,  or  when  very  thin 
'sections  are  necessary,  as  of  the  retina,  but  it  does  not  infiltrate  the 
sclera  and  lens  well.  Celloidin  is  soluble  in  equal  parts  of  alcohol 
and  ether.  It  is  usually  furnished  in  this  country  in  the  form  of 
shavings,  in  one  ounce  quantities  (Schering),  and  is  dissolved  most 
readily  by  covering  it  for  twenty-four  hours  with  absolute  alcohol, 
by  which  it  is  softened.  On  the  addition  of  an  equal  quantity  of 
ether  the  mass  slowly  dissolves.  It  should  be  of  a  thick,  syrupy 
consistency  for  embedding,  and  a  thinner  solution,  made  from  the 
stock  solution  by  the  addition  of  more  alcohol  and  ether,  should  also 
be  on  hand.  It  should  be  stored  in  well-stoppered  jars,  and  may  be 
kept  free  from  possible  moisture  by  placing  it,  together  with  the 
jars  containing  the  absolute  alcohol  and  alcohol-ether,  in  a  large, 
tightly  covered  jar,  in  which  there  is  a  quantity  of  calcium  chloride 
to  keep  the  air  dry. 

Before  the  eye  is  embedded,  all  traces  of  water  in  the  tissue  should 
thoroughly  be  removed.  This  is  done  by  carrying  it  again,  after 
thawing,  through  ascending  strengths  of  alcohol  until  absolute  alco- 
hol is  reached.  The  absolute  alcohol  is  kept  best  in  a  large  jar,  the 
bottom  of  which  is  covered  with  cupric  sulphate  which  has  been 
thoroughly  dried  by  heat.  The  copper  absorbs  water  very  eagerly, 
and  keeps  the  alcohol  pure  ;  it  should  be  covered  by  several  layers 
of  filter-paper,  or  the  specimen  should  be  held  above  it  by  means  of 
wire  gauze  netting  suspended  in  the  alcohol.  From  absolute  alcohol, 
after  twenty-four  to  forty-eight  hours,  the  eye  is  transferred  to 
equal  parts  of  alcohol  and  ether  for  twenty-four  hours,  then  to  thin 
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celloidin,  and  to  thick  celloidin  for  at  least  one  day  each.  The 
celloidin  is  now  allowed  to  harden  very  slowly  in  a  glass  dish  at 
least  one  inch  deep,  and  wide  enough  to  leave  considerable  space 
between  the  eye  and  the  side.  All  air  bubbles  are  removed  carefully, 
and  the  dish  is  covered  with  a  tumbler  or  similar  vessel,  one  side  of 
which  may  be  raised  slightly  after  twenty-four  hours.  It  is  very 
important  that  the  surface  should  harden  slowly,  otherwise  large 
bubbles  collect  beneath  it.  The  length  of  time  required  for  the 
evaporation  of  the  ether  varies,  but  usually  it  will  take  three  or  four 
days.  The  celloidin  should  be  loosened  occasionally,  by  a  needle, 
from  the  wall  of  the  dish,  and  when  it  is  sufficiently  firm  at  the  bot- 
tom to  prevent  the  needle  from  cutting  it  on  slight  pressure,  the 
block  may  be  removed  by  shaking  and  placed  in  80  per  cent,  alco- 
hol. In  this  it  absorbs  water  and  becomes  firm.  The  best  block  of 
celloidin  should  be  only  slightly  opaque,  and  its  surface  should  not 
be  easily  peeled  off  by  the  finger-nail.  It  may  be  made  still  firmer 
by  adding  glycerin  to  the  alcohol. 

Cutting.  After  twenty-four  hours  in  alcohol  the  block  is  ready 
for  cuttmg,  and  may  be  mounted  on  a  firm  object  which  can  be 
clamped  in  the  microtome.  Blocks  of  pure  white  pine  or  maple 
wood  may  be  used,  and  if  the  block  is  too  large  to  enter  the  object- 
holder  of  the  microtome  a  portion  of  the  underpart  may  be  cut 
away,  as  shown  in  Fig.  358.  Vulcanized  fibre,  used  for  insulating 
purposes,  may  be  cut  in  convenient 
sizes,  and  has  the  advantage  of  not 
staining  the  alcohol.  When  the 
block  needed  is  too  large,  a  smaller 
piece  may  be  fastened  to  its  under 
surface  by  means  of  brass  screws  or 
a  T-shaped  block  may  be  cut  as  des- 
cribed above.  SuiDerfluous  celloidin 
should  be  trimmed  away,  and  a 
good  flat  surface  cut  parallel  to  the 
plane  in  which  the  sections  are  to 
be  made.  The  base  of  the  cel- 
loidin block  is  dried  and  then  im- 
mersed in  alcohol-ether  for  a  half- 
minute  until  the  celloidin  is  soft- 
ened. Moderately  thick  celloidin  is 

poured  on  the  object-holder,  and  the  specimen  is  mounted  in  it  and 
held  firmly  in  place  for  a  few  minutes,  when  the  entire  block  is  put 
back  into  80  per  cent,  alcohol  to  become  firm.  In  cutting,  the  speci- 
men should  be  clamped  very  firmly  in  the  microtome,  and  should  be 
levelled  carefully.  The  knife  should  be  placed  at  as  acute  an  angle 
as  possible,  and  the  blade  and  object  kept  thoroughly  flushed  with 
80  per  cent,  alcohol.  The  knife  should  be  drawn  slowly  and  evenly, 
without  pressure  of  the  hand  downward.  The  sections  are  held 
flat  on  the  blade  by  means  of  a  light  brush  held  in  the  left  hand,  or 

43 


Fig.  358. 


T-shaped  block  of  wood  to  hold  sections  of 
celloidin  With  embedded  eyeball. 
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allowed  to  roll  up,  and  then  unrolled  when  the  section  is  complete. 
The  sections  to  be  stained  at  once  are  placed  in  distilled  water ;  the 
remainder  are  put  in  80  per  cent,  alcohol.  If  serial  sections  are  im- 
portant, numbered  circles  cut  out  of  thin  paper  may  be  slipped  be- 
tween each  section  as  it  is  cut,  or  numbered  dishes  may  be  used, 
into  each  of  which  ten  sections  are  put.  If,  then,  certain  changes 
are  found  in  any  particular  location,  they  may  be  followed  in  the 
sections  immediately  preceding  or  succeeding.  The  eyeball  should 
be  cut  entirely  at  one  sitting,  if  possible,  as  an  inexact  levelling  at  a 
subsequent  occasion  may  result  m  the  loss  of  valuable  material.  The 
sections  are  now  ready  to  stain. 

Small  pieces  of  tissue,  such  as  tumors,  portions  of  the  optic  nerve, 
etc.,  may  be  mounted  much  more  quickly.  From  the  fixing  fluid 
they  are  transferred  for  twenty-four  hours  each  into  75  per  cent, 
alcohol,  95  per  cent,  alcohol,  absolute  alcohol,  alcohol-ether,  thin  cel- 
loichn,  thick  celloidin,  and  then  are  mounted  on  a  block  of  wood  and 
covered  with  a  layer  of  thick  celloidin.  ^Vhen  this  has  hardened 
slightly  on  the  surface  (after  a  few  minutes)  the  blocks  are  placed  in 
80  per  cent,  alcohol  for  at  least  six  hours,  and  the  material  is  ready 
to  cut  with  the  microtome. 

Paraffin  Embedding.  The  tissue  is  hardenetl  in  the  same  way  as  for 
celloidin,  and  after  twenty-four  hours  in  absolute  alcohol  it  is  placed 
in  a  mixture  of  absolute  alcohol  and  chloroform  for  twenty-four 
hours,  then  into  pure  chloroform  for  twenty-four  hours,  chloroform 
saturated  with  paraffin  (warm)  for  twenty-four  hours,  and  then  melted 
paraffin  in  a  paraffin  oven.  Paraffin  of  two  melting  points  may  be 
used — the  first  melting  at  42°,  in  which  the  tissue  remains  two 
hours,  and  the  second  at  54°  to  58°,  in  which  it  remains  for  the  same 
length  of  time.  The  oven  should  be  regulated  by  a  thermostat  to 
remain  steadily  at  a  temperature  slightly  above  the  higher  melting 
point.  The  chloroform  may  be  replaced  by  xylol,  and  for  strips 
of  the  retina  the  process  may  be  much  shortened  (see  page  678). 
Small  objects  remain  in  xylol  four  hours,  xylol  paraffin  six  hours, 
and  paraffin  up  to  five  hours.  The  tissue  may  then  be  mounted  on 
a  block  of  wood  and  covered  with  the  melted  paraffin  by  means  of  a 
warm  spatula,  and  then  thrown  into  water  to  harden  quickly,  or 
else  placed  in  a  shallow  glass  dish  (the  walls  of  which  have  been 
coated  with  glycerin),  and  covered  with  paraffin.  Small  paper 
boxes  may  also  be  made  and  used  for  this  purpose.  As  soon  as  the 
surface  of  the  paraffin  has  hardened  slightly  the  entire  dish  or  box 
is  submerged  in  cold  water,  in  order  that  the  paraffin  may  harden 
quickly  and  evenly.  After  the  superfluous  paraffin  has  been  cut 
away,  the  block  is  mounted  on  a  piece  of  wood  by  warming  the 
surface  of  the  paraffin,  and  it  is  now  ready  for  cutting.  In  cutting, 
the  knife  is  not  placed  at  so  sharp  an  angle,  and  the  sections  are 
cut  dry.  They  must  be  kept  from  rolling  up  by  means  of  a  fine 
camel's-hair  brush,  and  should  be  spread  on  warm  water,  in  which 
they  flatten  out  smoothly.    If  ribbon  sections  are  desired,  the  block 
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of  paraffin  should  be  cut  accurately  quadrilateral,  and  the  knife  placed 
at  right  angles  to  the  microtome.  The  sections  should  be  stained  in  a 
slide,  and  the  paraffin  dissolved  out  before  the  stain  is  applied. 
Many  methods  are  employed  to  fasten  them  to  the  slide  so  that 
they  shall  not  be  floated  away. ,  The  slides,  in  the  first  place,  should 
be  cleaned  scrupulously  with  alcohol  and  dipped  beneath  the  section, 
so  that  the  latter  may  be  floated  on.  If  there  is  no  hurry,  the  simplest 
means  of  cementing  them  fast  is  to  place  the  slides  on  the  top  of  the 
paraffin  oven  for  twenty-four  hours.  The  paraffin  is  then  dissolved 
by  xylol,  the  xylol  removed  by  absolute  alcohol,  and  the  sections 
are  ready  to  stain.  If  aqueous  stains  are  to  be  used,  the  slides  should 
be  placed  m  80  per  cent,  alcohol,  and  then  in  water.  If  immediate 
staining  is  necessary,  the  sections  may  be  pressed  firmly  to  the  slide 
by  means  of  filter-paper  moistened  with  absolute  alcohol,  the  par- 
affin is  dissolved  with  xylol,  the  xylol  removed  by  absolute  alcohol, 
and  the  sections  covered  with  a  very  thin  solution  of  celloidin.  When 
this  thin  layer  hardens  the  slide  is  placed  in  80  per  cent,  alcohol,  and 
then  m  water.  The  celloidin  does  not  interfere  with  the  subsequent 
staining,  and  the  sections  remam  in  position. 

Staining  Methods.  Before  microscopic  study  the  sections  should 
be  stained.  For  this  purpose  we  make  use  of  two  types  of  stains: 
1.  Those  which  stain  electively  the  nuclei;  and,  2.  Those  which  stain 
diffusely  the  cell  protoplasm.  Of  the  former,  we  may  confine  our- 
selves practically  to  two— ha3matoxylin  and  carmine;  and  of  the  lat- 
ter, eosin,  fuchsin,  and  picric  acid  are  especially  valuable.  Staining 
in  bulk  rarely  is  used,  and  each  section  should  be  handled  separately. 
After  suitable  staining  the  sections  are  dehydrated  in  alcohol,  cleared 
m  one  of  the  essential  oils,  or  mixture  of  carbolic  acid  and  xylol,  and 
mounted  permanently  in  Canada  balsam.  Staining  with  hematoxylin 
and  counterstaining  with  eosin  may  be  described  briefly  as  follows: 

1.  The  sections  are  placed  in  water  to  remove  the  alcohol,  and 
then  into  Delafield's  hematoxylin.  A  well-ripened  solution  is  added 
to  filtered  tap-water  until  a  layer  one  half  an  inch  deep  can  just  be 
seen  through.  In  this  they  remain  three  to  five  minutes,  until  suffi- 
ciently stained  (the  celloidin  should  be  colored  light  blue).  If,  on 
removal  to  tap-water,  the  stain  is  not  sufficiently  deep,  replace  in  the 
staining  solution.    It  is  better  to  overstain  than  to  understain. 

2.  Wash  thoroughly  in  filtered  tap-water,  to  which  a  drop  or  two 
of  ammonia  water  may  be  added,  if  it  is  not  sufficiently  alkaline  to 
give  the  sections  a  deep-blue  color.  If  the  sections  are  overstained, 
they  may  be  placed  in  a  0.5  per  cent,  solution  of  hydrochloric  acid 
in  70  per  cent,  alcohol  a  moment,  until  the  celloidin  loses  most  of 
its  color.    Then  wash  thoroughly  with  alkaline  tap- water. 

3.  Distilled  water. 

4.  Thin  alcoholic  solution  of  eosin,  one  minute. 

5.  95  per  cent,  alcohol,  to  remove  excess  of  eosin  and  to  dehy- 
drate. Carefully  straighten  out  the  sections  on  the  spatula,  and 
float  them  on  the  surface  of 
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6.  Carbol-xylol  (xylol  3,  carbolic  acid  crystals  1),  where  they 
should  spread  out  smoothly.  Here  all  remaining  traces  of  water 
are  removed,  and  the  sections  should  show  no  white  patches  in  the 
tissue  when  held  over  a  dark  surface. 

7.  Transfer  the  section  by  means  of  the  spatula  to  the  slide, 
smooth  it  out,  and  press  it  firmly  to  the  slide  with  a  fine  filter-paper 
folded  in  six  to  eight  thicknesses.  A  drop  of  xylol  balsam  is  dropped 
on  and  a  cover-glass  carefully  lowered  upon  it.  All  air  bubbles 
should  be  removed  by  gentle  pressure  with  the  needle,  and  the  sec- 
tion is  permanently  mounted.  Too  much  balsam  is  preferable  to  too 
little,  as  the  specimen  may  be  spoiled  later  by  the  appearance  of  air 
bubbles  as  the  balsam  dries. 

Instead  of  carbol-xylol,  oil  of  bergamot,  origanum,  or  cajeput  may 
be  used  for  -clearing,  but  the  section  should  be  passed  through  abso- 
lute alcohol,  and  more  skilful  handling  is  required,  as  too  long  action 
of  the  absolute  alcohol  softens  the  celloidm. 

Van  Gieson's  Method.  1.  The  sections  are  stained  with  hsema- 
toxylin,  as  before,  and  should  be  overstained.  No  differentiation 
with  acid  is  required. 

2.  Water. 

3.  Van  Gieson's  solution  (concentrated  aqueous  solution  of  picric 
acid,  to  which  acid  fuchsin  is  added  until  a  red  color  of  the  desired 
depth  is  obtained),  thirty  seconds. 

4.  Water,  for  a  moment. 

5.  95  per  cent,  alcohol  to  dehydrate. 

6.  Absolute  alcohol. 

7.  Xylol. 

8.  Balsam. 

The  nuclei  are  stained  brownish  red,  the  other  substances  deep  red 
to  yellow.  Axis-cylinders  are  red,  and  the  nerve  sheaths  yellow. 
Muscle  tissue  is  yellow,  while  connective-tissue  fibres  are  red. 

Paraffin  sections  are  stained  in  the  same  way,  except  that  they 
are  stained  on  the  slides,  and  the  staining  usually  requires  a  longer 
time.  Staining  ilishes  with  arrangements  for  holding  the  slides 
apart  are  great  time-savers,  as  a  number  of  slides  may  be  handled 
at  the  same  time. 

Carmine  Stains.  These  are  especially  valuable  when  the  sections 
are  to  be  stained  for  micro-organisms  or  fibrin,  or  when  the  reaction 
for  iron  is  to  be  applied.  A  number  of  formulas  are  used,  but  the 
two  following  methods  will  suffice  : 

1.  Lithium  carmine  (2.5  gr.  of  carmine  are  dissolved  in  100  c.c.  of 
a  cold  saturated  solution  of  lithium  carbonate) .  Stain  for  ten  min- 
utes. Differentiate  in  acid  alcohol  (1  per  cent.  sol.  of  HCl  in  70 
per  cent,  alcohol)  for  fifteen  minutes,  wash  in  water,  dehydrate  in 
alcohol,  xylol,  balsam. 

2.  Borax  carmine  (carmine  5  gm.  and  borax  2  gm.,  are  dissolved 
in  100 c.c.  of  water,  the  solution  is  boiled,  and  5  c.c.  of  a 0.5  percent, 
solution  of  acetic  acid  is  added;  filter  after  twenty-four  hours). 


EXAMINATIONS  OF  THE  EYE. 


677 


Stain  for  fifteen  minutes,  wash  in  water,  differentiate  in  acid  alcohol 
fifteen  minutes,  wash  in  water,  alcohol,  xylol,  balsam. 

Double  stains  with  carmine  may  be  obtained  by  adding  to  1 
part  of  the  lithium  carmine  solution  2  parts  of  a  saturated  picric 
acid  solution.  The  nuclei  will  be  stained  red  and  the  remaining 
protoplasm  yellow. 

Special  Staining  Methods.  I.  Weigert's  Stain  for  Nerve  Sheaths. 

1.  Fix  in  Mtiller's  solution,  and  harden  subsequently  in  alcohol, 
without  loashing  the  tissue. 

2.  Embed  in  celloidin.    Eighty  per  cent,  alcohol,  several  hours. 

3.  Saturated  solution  of  neutral  acetate  of  copper,  diluted  one- 
half,  in  the  incubator  at  35°  C,  twenty-four  hours. 

4.  Wash.  Place  in  70  per  cent,  alcohol  six  to  twelve  hours.  Cut. 
_  5.  Stain  in  Weigert's  alcohol  hsematoxylin  (1  gm.  of  hsematoxy- 

lin  is  added  to  10  c.c.  of  absolute  alcohol  and  100  c.c.  of  water,  and 
the  solution  boiled;  add  to  this  solution  a  saturated  solution  of 
lithium  carbonate  in  the  proportion  of  1:  100  at  the  time  of  using). 
The  stain  should  be  used  cold,  and  may  be  allowed  to  act  twelve 
to  twenty-fours,  the  sections  staining  an  intense  black. 

6.  Wash  thoroughly  in  water. 

7.  Difi'erentiate  in  a  solution  composed  of:  borax,  2;  potassium 
ferricyanide,  2.5;  water,  100. 

The  normal  nerve  sheaths  retain  the  black  color,  while  the  degen- 
erated fibres  and  the  remaining  tissue  become  light  brown.  If  the  dif- 
ferentiation proceeds  too  rapidly,  the  solution  should  be  diluted.  The 
process  should  be  interrupted  from  time  to  time  and  the  sections 
examined  under  the  microscope,  as  the  optic  nerve  fibres  are  ex- 
ceedingly fine  in  calibre  and  are  decolorized  much  more  quickly  than 
those  of  the  central  nervous  system.  The  right  time  for  interrupting 
it  may  be  judged  by  watching  the  ciliary  nerves,  which  often  are  in- 
cluded in  the  section. 

8.  AVash  thoroughly  in  water  until  all  traces  of  the  differentiating 
solution  are  removed,  dehydrate  in  alcohol,  carbol-xylol,  balsam. 

This  method  is  readily  applied  if  the  optic  nerve  has  been  cut  far 
enough  back  of  the  eye  to  allow  the  removal  of  a  piece  for  special 
examination.  Good  results  may  also  be  obtained  without  coppering 
the  pieces  if  the  sections  in  celloidin  are  placed  for  twenty-four  hours 
in  0.5  per  cent,  solution  of  chromic  acid  in  the  incubator.  They  are 
then  stained  and  differentiated  as  before,  but  should  be  watched 
carefully.  The  fibres  will  be  stained  bluish  black  rather  than  dead 
black.  This  method  is  applicable  to  the  sections  of  the  eyeball,  pro- 
vided that  the  eye  has  been  hardened  in  Miiller's  fluid.  Sections 
fixed  in  formalin  alone  will  not  give  certain  results,  even  if  they  are 
treated  with  the  chromic  acid  solution,  and  if  the  examination  of  the 
nerve  fibres  is  of  importance,  Miiller's  fluid  should  always  be  used  for 
fixing.  Where  this  would  interfere  with  an  examination  of  the  retina, 
a  small  strip  may  be  removed  as  described  in  speaking  of  the  methods 
or  studying  the  ganglion  cells. 


678 


THE  EYE. 


II,  Marchi's  Method.  1.  Fix  small  pieces  of  the  optic  nerve  in 
Miiller's  fluid,  eight  days. 

2.  Freshly  prepared  mixture  of  Miiller's  fluid  and  1  per  cent, 
osmic  acid  solution  in  equal  parts.    Six  to  twelve  days. 

3.  Wash  in  running  water.    Twenty-four  hours. 

4.  Alcohol,  celloidin.  Cut.  The  sections  are  dehydrated  in  alco- 
hol, cleared  in  carbol-xylol,  and  momited  in  Canada  balsam.  The 
degenerated  nerve  fibres  ajDpear  as  fine  black  dots  arranged  in  chains; 
fat  tissue  around  the  nerve  is  also  stained  black.  All  else  is  light 
j'ellow,  often  with  a  greenish  tinge.  The  sections  may  also  be  stained 
with  carmine.  Van  Gieson's  fluid,  etc.  If  permanent  preparations  are 
desired,  the  sections  should  not  be  covered  with  a  cover-glass,  other- 
wise the  black  color  is  apt  to  fade  quickly.  On  the  cut  surface  of 
the  nerve  there  is  always  a  deposit  of  black  dots,  but  they  do  not 
extend  far  into  the  substance  of  the  nerve. 

III.  Ganglion  Cells  of  the  Retina.  The  study  of  the  ganglion 
cells  of  the  retina  has  become  of  great  importance,  especially  in  con- 
nection with  various  intoxications.  Sections  made  through  the  eye- 
ball, in  celloidin,  are  usually  too  thick  for  this  purpose,  and  small 
strips  of  the  retina  may  be  cut  out  with  a  sharp  pair  of  scissors 
when  the  eye  is  cut  in  half.  If  Miiller's  fluid  is  to  be  used,  a  ■cut 
should  be  made  with  a  sharp  instrument  through  sclera,  choroid,  and 
retina  immediately  after  enucleation,  the  retina  carefully  lifted  from 
the  miderlying  choroid,  and  a  strip  excised.  It  may  be  placed  in  20 
per  cent,  formalin,  or  in  96  per  cent,  alcohol  for  twenty-four  hours, 
then  into  absolute  alcohol  one  hour,  xylol  for  one  hour,  xylol  par- 
affin (concentrated  solution  of  paraffin  in  warm  xylol)  one  hour,  and, 
finally,  for  fifteen  minutes  each  in  soft  and  hard  paraffin.  The  sec- 
tions should  be  from  2  to  6  thick. 

a.  Staining  with  Thionin.  1.  10  per  cent,  aqueous  solution  of 
thionin  ten  minutes. 

2.  Wash  rapidly  in  water. 

3.  Differentiate  in  96  per  cent,  alcohol  (watch  under  the  microscope). 

4.  Absolute  alcohol,  xylol,  balsam. 

The  sections  may  also  be  stained  with  a  concentrated  aqueous 
solution  of  thionin,  and  subsequently  differentiated  with  anihne  oil, 
1  gm. ;  absolute  alcohol,  9  gm. ;  cleared  with  xylol,  and  mounted  in 
balsam.  The  Nissl  bodies  in  the  protoplasm  surrounding  the  nucleus 
of  the  ganglion  cell  are  stained  deep  blue,  the  nuclei  a  paler  blue. 
Contrast-stains  with  eosin  or  erythrosin  may  be  used,  but  are  apt  to 
blur  the  finer  details. 

h.  Staining  with  Toluidine-blue  (Hoyer  and  V.  Lenhossek). 

1.  Fix  in  concentrated  corrosive  sublimate  solution,  twenty-four 
hours. 

2.  Harden  in  alcohol. 

3.  Embed  in  paraffin  (using  chloroform  as  a  solvent). 

4.  Cut.  Mount  with  distilled  water.  Extract  paraffin  wath  xyol 
and  iodine-alcohol  (solution  of  iodine  in  absolute  alcohol). 
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5.  Stain  with  concentrated  aqueous  solution  of  toluicline-blue 
several  hours. 

6.  Differentiate  in  aniline-alcohol.  Counterstain  with  alcoholic 
eosin  solution  (or  erythrosin) 

7.  Rapidly  dehydrate  in  absolute  alcohol,  xylol,  balsam. 
The  stains  are  not  usually  permanent. 

IV.  Stain  for  Neuroglia.  The  determination  of  the  condition  of 
the_  neuroglia  may  be  of  value  in  the  study  of  the  optic  nerve. 
Weigert's  method  is  a  long  and  rather  difficult  one,  and  good  results 
may  be  obtained  by  either  of  Mallory's  methods,  especially  when  the 
neuroglia  is  pathologically  increased.    The  first  method  is  as  follows : 

1.  Fix  m  formalin  (10  per  cent.)  four  days. 

2.  Concentrated  aqueous  solution  of  picric  acid,  four  to  eight  days. 

3.  5  per  cent,  solution  of  ammonium  bichromate.  Four  to  six 
days  in  the  incubator  at  37°.  Change  the  solution  on  the  second  dav. 

4.  Alcohol.  ^ 

5.  Celloidin. 

6.  Stain  by  Weigert's  fibrin  method  (see  below). 

7.  Differentiate  with  aniline  oil  and  xylol  (of  each,  equal  parts), 
xylol,  balsam.  As  contrast-stain,  fuchsin  may  be  added  to  the 
anihne  oil. 

The  second  method  is  said  to  be  especially  suited  for  demonstrat- 
ing the  neuroglia  in  glioma  of  the  retina.  The  tissue  is  treated  as  in 
the  first  method  until  the  celloidin  sections  are  cut.  They  are  then 
placed  in 

1.  0.5  per  cent,  aqueous  solution  of  potassium  permanganate 
twenty-five  to  thirty  minutes. 

2.  Wash  in  water. 

3.  1  per  cent,  aqueous  solution  of  oxalic  acid  fifteen  to  thirty  min- 
utes. 

4.  Wash  in  two  or  three  changes  of  water. 

5.  Stain  in  phosphotungstic  acid  hsematoxylin  one  to  three  days. 
The  formula  of  this  is:  hsematoxylin,  0.1  gm. ;  water,  80  gm.; 
phosphotimgstic  acid  (Merck),  20  gm.;  peroxide  of  hydrogen,  0.2  gm. 
Dissolve  the  hsematoxylin  in  a  httle  water,  by  aid  of  heat,  and 
add  it,  after  cooling,  to  the  rest  of  the  solution. 

6.  Wash  quickly  in  water. 

7.  Dehydrate  in  95  per  cent,  alcohol. 

8.  Oleum  origani  cretici. 

9.  Xylol  balsam. 

The  nuclei,  neuroglia  fibres,  and  fibrin  stain  blue,  axis-cylinders 
and  ganglion  cells  pale  pink,  connective  tissue  deep  pink.  The  blue 
color  is  slightly  sensitive  to  light,  and  is  apt  to  fade  to  pink  after 
prolonged  exposure.  If  a  permanent  isolated  stain  of  the  neuroglia 
fibres  is  desired,  transfer  the  sections  (after  staining  in  the  phospho- 
tungstic acid  hsematoxylin  and  washing  in  water)  to  a  30  per  cent, 
alcoholic  solution  of  ferric  chloride  for  five  to  twenty  minutes,  then 
wash  in  water,  and  dehydrate  as  before.    The  nuclei,  neuroglia  fibres, 
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and  fibrin  stand  out  sharply  of  a  clear  blue  color.  Everything  else 
is  decolorized,  or  appears  of  a  pale  yellowish  or  grayish  tint. 

Staining  for  Bacteria  in  Sections.  For  this  purpose  the  sections 
should  be  as  thin  as  possible,  and  the  eyeball  should  not  be  cut  as  a 
whole,  but  divided  after  embedding  in  celloidin.  With  other  tissues 
paraffin  should  be  used  as  the  embeddmg  substance.  The  use  of 
Miiller's  fluid  for  fixation  makes  the  search  very  difficult,  as  the  or- 
ganisms do  not  stain  well.  If,  however,  the  sections  are  placed  for 
several  hours  in  a  5  per  cent,  solution  of  oxalic  acid,  satisfactory 
results  may  be  obtained. 

Staining  Methods.  I.  Methylene-blue.  1.  Stain  in  Loeffler's  al- 
kaline methylene-blue  ten  minutes  (concentrated  alcoholic  methylene- 
blue  solution  30  gm.;  caustic  potash  solution  (1: 10,000),  100  gm.). 

2.  Wash  in  water. 

3.  Differentiate  in  0.5  per  cent,  acetic  acid  one  to  three  seconds. 

4.  Water. 

5.  95  per  cent,  alcohol,  absolute  alcohol,  bergamot  oil,  and  xylol 
balsam. 

The  organisms  and  cell  nuclei  are  stained  blue.  If  the  bacteria 
retain  their  color  by  the  Gram  method,  this  may  be  employed.  It  is 
a  valuable  stain,  as  it  reveals  the  presence  of  fibrin  at  the  same 
time. 

II.  Gram-Weigert  Method.  1.  The  sections  may  be  stained  first 
with  lithium  carmine  (see  page  676)  for  contrast.  After  washing  in 
water  the  sections  should  be  spread  out  carefully  on  a  well-cleaned 
slide,  so  that  no  wrinkles  appear,  and  pressed  firmly  to  the  glass  by 
filter-paper  in  layers.  The  stain  should  be  freshly  prepared,  and 
may  be  made  by  shaking  0.5  c.c.  of  transparent  aniline  oil,  with  5  c.c. 
of  water  in  a  test-tube,  and  filtering  through  a  fine  filter-paper 
moistened  with  water.  To  this  is  added  a  filtered,  concentrated  al- 
coholic solution  of  gentian  or  methyl-violet,  in  the  proportion  of 
1 : 10.  Stain  for  three  to  five  minutes,  pour  off  the  solution,  and  dry 
the  sections  carefully  with  the  filter-paper. 

2.  Lugol's  solution  (iodine,  1  gm. ;  potassium  iodide,  2  gm. ;  water 
100  gm.j,  two  minutes.    Dry  thoroughly. 

3.  Differentiate  with  aniline  oil-xylol  (2:1)  until  no  further  color 
is  given  off. 

4.  Remove  aniline  oil  thoroughly  with  xylol. 

5.  Xylol  balsam. 

The  organisms  and  the  fibrin  will  be  stained  a  deep  violet;  certain 
hyaline  substances,  horny  cells,  karyokinetic  figures,  and  mucus  are 
also  stained  by  the  method.  The  other  nuclei  should  be  stained  red 
by  the  carmine.  Paraffin  sections  are  stained  in  the  same  way,  but 
the  drying  should  be  done  very  carefully. 

III.  Staining  of  Tubercle  Bacillus  in  Tissue.  1.  Stain  in  Ziehl's 
carbol-fuchsm  solution  for  two  hours  in  the  incubator,  or  in  cold 
solution  for  twenty-four  hours.  (Fuehsin,  1  gm.;  absolute  alcohol, 
10  gm.;  5  per  cent,  carbolic  acid  solution,  100  gm.) 
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2.  Wash  in  water. 

3.  15  per  cent,  solution  of  nitric  acid  for  a  few  seconds.  The  sec- 
tion turns  brown. 

4.  Wash  thoroughly  in  water. 

5.  95  per  cent,  alcohol  until  the  section  is  rose  red, 

6.  Water. 

7.  Aqueous  solution  of  methylene-blue,  one-half  minute. 

8.  Water. 

9.  Dehydrate  in  alcohol. 

10.  Oil  of  bergamot.  Balsam.  (Carbol-xylol  should  never  be  used 
for  clearing  tissue  stained  in  an  aniline  dye.) 

The  methods  of  staining  which  have  been  given  include  the  most 
important  that  are  used  for  the  determination  of  pathological  changes. 
A  description  of  special  methods  for  histological  structure,  such  as 
the  Golgi  methods  for  the  retina,  Ehrlich's  methylene-blue  stain  for 
living  tissue,  silver  and  gold  methods  for  the  cornea,  etc.,  would 
exceed  the  limits  of  the  present  article,  and  the  student  who  desires 
to  pursue  advanced  researches  on  such  lines  is  referred  to  special 
books  on  technique.^ 

Bacteriological  Examinations.  Descriptions  of  the  Organisms  that 
are  Most  Frequently  Found  in  Diseases  of  the  Conjunctiva  and  Cor- 
nea. Bacteriological  studies  are  of  value  only  in  the  acute  stages  of 
corneal  and  conjunctival  inflammations.  The  cover-slip  examination 
may  then  be  conclusive,  by  reason  of  the  large  numbers  of  the  organ- 
ism which  are  present.  Later  the  specific  organism  may  be  crowded 
out  by  ordinary  saprophytic  germs,  which  are  readily  introduced  into 
the  open  conjunctival  sac.  Cultivation  of  the  organism  is,  in  many 
cases,  very  important,  but  this  is  very  difficult  with  some  of  the  special 
forms,  as  they  are  readily  masked  by  others  which  are  accidentally 
present.  If  possible,  where  the  discharge  is  abundant,  the  eye  should 
be  washed  out  and  the  patient  allowed  to  wait  ten  or  fifteen  minutes. 
A  portion  of  the  reaccumulated  discharge  is  then  picked  up  by  means 
of  a  sterile  platinum  loop,  and  smeared  on  the  surface  of  a  carefully 
cleaned  cover-glass  or  slide.  After  drying  in  the  air,  the  smear  is 
passed  three  times  through  the  flame  of  a  Bunsen  burner,  and  then 
stained  with  solution  of  an  aniline  dye.  Loeffier's  alkaline  methy- 
lene-blue (page  680)  is  one  of  the  most  useful.  It  stains  deeply  in 
five  to  ten  minutes.  The  cover-glass  is  then  washed  in  water,  dried, 
mounted  in  Canada  balsam,  and  examined  with  a  one-twelfth  oil- 
immersion  lens.  The  appearance  of  several  of  the  special  conjunctival 
organisms,  notably  the  Koch- Weeks  bacillus,  and  the  diplobacillus 
of  Morax-Axenfeld,  is  sufficiently  characteristic  to  allow  a  positive 
diagnosis  by  means  of  the  cover-glass  examination.  A  second  smear 
should  be  stained  by  the  Gram-Weigert  method,  as  follows: 

iTwo  excellent  monographs  have  recently  appeared  in  German  :  "Anleltung  zur  mikroskopischen 
Untersuchung.  des  Auges,"  by  Professor  R.  GreefT,  and  "  Die  mikroskopischen  Untersuchungsmelh- 
oden  des  Auges,"  by  S.  Seligmann,  the  latter  of  which  contains  these  and  other  special  methods  in 
detail. 
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1.  Aniline  water,  gentian-violet  solution  (page  680),  three  to  five 
minutes. 

2.  Lugol's  solution,  two  minutes. 

3.  95  per  cent,  alcohol  until  no  further  stain  is  removed. 

4.  Water. 

5.  Counterstain  with  aqueous  fuchsin  not  longer  than  twenty  to 
thirty  seconds.  Certain  of  the  organisms  retain  the  deep  violet  color, 
and  are  termed  -positive;  others  lose  the  stain  and  are  colored  red  by 
the  fuchsin,  and  are  termed  negative  organisms. 

If  the  cover-slip  examination  is  not  conclusive,  cultures  should  be 
made.  For  this  purpose  coagulated  blood  serum,  glycerin  agar, 
and  weak  agar  are  especially  adapted.  Great  care  should  be  taken 
to  prevent  contamination  by  other  organisms  which  are  present 
along  the  lid  margins,  and,  as  in  the  cover-slip  examination,  the  eye 
should  first  be  washed  out  with  distilled  water  and  the  discharge 
allowed  to  reaccumulate.  A  small  portion  is  then  picked  up  by  a 
platinum  loop,  and  the  surfaces  of  several  slant-tube  cultures  or 
Petri  dishes  are  inoculated.  Two  days'  growth  in  the  incubator 
(37°  to  39°)  will  usually  show  the  presence  of  characteristic  colonies. 

In  obtaining  material  from  the  cornea  the  eyes  should  be  washed 
out  with  sterile  water,  a  sterilized  cocaine  solution  instilled,  and 
while  the  eyelids  are  carefully  held  away  from  the  cornea  a  portion 
of  ^  the  material  in  the  bed  of  the  ulcer  is  removed  by  means  of  a 
pointed,  sterilized  lance,  and  transferred  to  the  media.  For  the  de- 
tails of  this  work  and  those  of  animal  inoculation,  text-books  on 
bacteriological  technique  should  be  consulted.  The  most  important 
organisms  which  are  pathogenic  for  the  human  conjunctiva  are  as 
follows : 

1.  The  Koch- Weeks  bacillus. 

2.  The  gonococcus  of  Neisser. 

3.  The  diplobacillus  of  Morax-Axenfeld. 

4.  The  diplococcus  lanceolatus  of  Fraenkel-Weichselbaum. 

5.  The  Klebs-Loeffler  tliphtheria  bacillus. 

6.  Staphylococcus  pyogenes. 

7.  Streptococcus  pyogenes. 

8.  The  diplococcus  of  acute  follicular  catarrh  (pseudogonococcus). 
The  first  three  are  unconditionally  pathogenic  for  the  conjunctiva; 

that  is,  they  are  not  present  m  the  normal  conjunctiva,  and  when  in- 
troduced produce  a  specific  and  contagious  inflammation.  The  others 
may  be  found  on  the  normal  conjunctiva,  and  produce  inflammation 
only  under  certain  conditions  of  virulence,  lowered  vitality  of  the 
individual,  or  local  lesion  of  the  conjunctiva,  such  as  chronic  inflam- 
mation or  injury  of  the  surface.  Besides  these  organisms  many 
others,  for  example,  bacterium  coli,  bacillus  of  rhinoscleroma.  Fried- 
lander's  pneumobacillus,  the  oza?na  bacillus  and  certain  of  the 
higher  fungi  (actinomyces  and  aspergillus)  have  been  found  in  iso- 
lated cases.  The  tubercle  and  lepra  bacilli  are  present  in  the  nodu- 
lar or  ulcerative  lesions  of  the  external  coats  of  the  eye,  and  may 
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be  detected  in  a  histological  examination  of  the  tissue,  but  do  not 
cause  a  conjunctival  catarrh  in  the  ordinary  sense  of  the  term.  The 
so-called  xerosis  bacillus  is  also  a  frequent  occupant  of  the  conjunc- 
tival sac  both  in  health  and  in  disease,  but  cannot  be  said  to  be 
pathogenic. 

1.  The  Koch-Weeks  bacillus,  described  first  by  Koch  in  Egypt, 
more  thoroughly  studied  by  Weeks  in  New  York,  and  later  by  Morax 
in  Paris,  and  Miiller  in  Vieima.  It  is  the  cause  of  acute  contagious 
conjunctivitis  in  a  varying  proportion  of  epidemic  cases,  depending 
upon  the  locality.  It  is  a  very  small,  rod-shaped  organism,  resem- 
bling the  bacillus  of  mouse  septicsemia,  found  in  large  numbers  both 
within  and  between  the  cells  of  the  discharge.  Stains  readily  with 
methylene-blue  or  gentian- violet ;  negative  to  Gram.  Usually  found 
mixed  with  the  xerosis  bacillus,  from  wliich  it  is  difficult  to  separate 
in  cultures.  Culture  difficult;  best  on  0.5  per  cent,  agar  (Weeks), 
as  small  punctate,  trans]3arent  colonies.  According  to  Miiller,  it  grows 
on  human  serum  agar;  only,  however,  in  presence  of  a  certain  sapro- 
phyte. Unconditionally  pathogenic  for  the  human  conjunctiva. 

2.  The  Gonococcus  (Neisser)  occurs  usually  in  the  form  of  a  diplo- 
coccus,  the  edges  in  contact  being  slightly  concave,  so  that  the  indi- 
viduals are  shaped  like  a  coffee-bean.  The  organisms  are  arranged 
usually  in  small,  irregular  groups  on  and  in  the  cells.  Stains  readily 
with  methylene-blue;  negative  to  Gram.  Cultivation  is  difficult; 
best  on  serum  covered  with  human  blood.  Produces  severe  purulent 
ophthalmia,  and  is  the  most  frequent  cause  of  ophthalmia  neona- 
torum.   Unconditionally  pathogenic. 

3.  Diplobacillus  of  Morax- Axenfeld.  Large  bacillus,  measuring  on 
an  average  2  p.  long  and  1  /j-  broad,  with  rounded  extremities,  occurs 
chiefly  in  pairs,  occasionally  in  chains,  usually  free  in  the  secretion 
in  large  numbers.  Stains  readily  with  aniline  dyes;  negative  to  Gram. 
Easily  distinguished  from  Koch- Weeks  bacillus  by  its  size.  Growth 
abundant  in  blood  serum  in  the  form  of  small  transparent  colonies, 
which  gradually  sink  below  the  surface  because  of  their  liquefaction 
of  the  serum.  Unconditionally  pathogenic  for  man,  producing  a  sub- 
acute catarrh,  which  yields  quickly  to  solutions  of  zinc. 

4.  Diplococcus  Lanceolatus  (Pneumococcus)  of  Fraenkel-Weichselbaum. 
Occurs  in  pairs,  the  individuals  being  slightly  oval,  with  pointed 
outer  extremities;  occasionally  is  found  in  short  chains.  Each  pair 
may  be  surrounded  by  a  definite  capsule,  which,  however,  is  often 
absent  on  the  conjunctiva.  Stains  readily  with  aniline  dyes,  and  is 
positive  to  Gram.  Grows  best  in  glycerin-agar  (the  media  should  be 
slightly  alkaline),  as  delicate  transparent  colonies,  resembling  dew- 
drops.  Found  in  the  normal  conjunctiva,  but  may  be  the  cause  of 
acute  contagious  conjunctivitis,  usually  of  a  mild  type,  with  moderate 
secretion  and  much  fibrin.  It  is  also  the  cause  of  a  certain  propor- 
tion of  cases  of  ophthalmia  neonatorum,  and  is  the  specific  organism 
for  a  large  percentage  of  cases  of  ulcus  corneaj  serpens.  Occasion- 
ally it  is  the  cause  of  panophthalmitis. 
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5.  Klebs-Loeffler  Diphtheria  Bacillus.  The  diphtheria  bacillus  is  ex- 
ceedingly variable  in  form,  sometimes  appearing  as  straight  or 
slightly  curved  rods,  with  pointed  ends;  at  other  times  spindle  and 
club  shapes  occur,  in  which  segments  less  deeply  stained  appear.  On 
cultures  the  morphology  is  even  more  irregular.  It  stams  best  with 
Loeffier's  methylene-blue;  grows  readily  on  all  ordinary  media;  best 
upon  Loeffier's  blood  serum  and  upon  glycerin-agar.  It  is  patho- 
genic for  animals,  and  causes  death  with  characteristic  lesions.  It  is 
the  cause  of  diphtheritic  conjunctivitis,  but  is  found  also  in  the 
more  superficial  (croupous)  form,  as  well  as  m  simple  catarrh  and  on 
the  normal  conjunctiva.  Morphologically  and  culturally  it  may  be 
confounded  with  the  xerosis  bacillus,  a  very  frequent  and  harmless  oc- 
cupant of  the  conjunctiva,  both  alone  and  associated  with  other 
specific  organisms.  In  cultures,  however,  the  xerosis  bacillus  does 
not  grow  so  luxuriantly,  the  colonies  are  usually  dryer  on  the  sur- 
face, the  individuals  do  not  show  such  bizarre  forms  on  blood  serum, 
the  so-called  Ernst's  granules  do  not  appear  so  soon,  and  the  organ- 
ism is  not  pathogenic  for  animals. 

6.  Staphylococcus  Pyogenes  Aureus.  The  staphylococcus  pyogenes 
IS  one  of  the  most  common  pus  organisms.  It  occurs  as  a  small 
spherical  coccus,  usually  in  groups  and  extracellular.  Stains  by 
ordinary  aniline  dyes,  and  is  'positive  to  Gram.  Grows  well  on  all  or- 
dniary  culture-media,  and  can  be  differentiated  only  by  this  method. 
It  IS  present  on  the  normal  conjunctiva  in  inflammations  of  the  lid 
margin,  and  in  many  forms  of  ulcer  of  the  cornea  (aside  from  ulcus 
serpens) ;  it  may  be  associated  with  other  more  pathogenic  forms, 
and  is  found  occasionally  in  pure  culture  in  simple  catarrhs  and  in 
pseudomembranous  conjunctivitis.  It  is  frequently  found  in  the 
pus  of  dacryocystitis  and  in  panophthalmitis,  both  by  metastasis  and 
by  direct  infection. 

7.  Streptococcus  Pyogenes.  The  streptococcus  is  likewise  a  spherical 
coccus,  usually  slightly  larger  than  the  staphylococcus,  which  occurs  in 
chains  of  varying  length  as  a  result  of  division  in  only  one  direction. 
It  stains  readily,  and  is  positive  to  Gram.  Grows  on  artificial  media, 
but  less  luxuriantly  than  the  staphylococcus.  It  is  found  in  the  normal 
conjunctiva  and  frequently  in  inflammations  of  the  tear  ducts. 
It  may  be  associated  with  other  organisms  and  increase  the  severity 
of  the  process.  It  may  be  the  sole  cause  of  conjunctivitis  in  one  of 
two  forms:  1.  Catarrhal  inflammation  (Parinaud's  conjunctivitis), 
which  is  usually  monolateral,  and  is  associated  with  lacrymal  dis- 
ease of  the  same  side ;  it  is  often  complicated  by  iritis  and  swelling 
of  the  preauricular  glands.  2.  A  pseudomembranous  form,  which  is 
more  frequent.  Here  it  may  be  found  alone  or  with  the  diphtheria 
organism.  The  process  is  usually  very  severe  and  the  prognosis 
bad. 

8.  Diplococcus  of  Acute  Follicular  Catarrh  (Pseudogonococcus).  This 
organism  has  been  described  by  many  as  the  cause  of  acute  follicular 
catarrh  in  epidemic  form.    It  has  a  very  close  resemblance  to  the 
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gonococcus  on  the  cover-slip,  but  is  'positive  to  Gram  and  is  readily 
cultivated.  The  diagnosis  of  gonococcus  should  not  be  made  without 
the  use  of  the  Gram  method  unless  the  direct  source  of  infection  is 
known.  Other  forms  have  been  described  which  were  also  negative 
to  Gram,  but  they  could  be  cultivated  without  difficulty.  The  menin- 
gococcus (diplococcus  intracellularis  meningitidis,  Weichselbaum) 
might  be  confounded  with  the  gonococcus,  but  its  occurrence  on  the 
conjunctiva  is  exceptional. 

In  keratitis  a  variety  of  organisms  has  been  cultivated  from  the 
ulcers,  but  in  many  cases  the  infection  must  be  looked  upon  as  sec- 
ondary. Only  two  forms  of  keratitis  can  be  considered  to  be  caused 
by  specific  micro-organisms:  1.  The  true  ulcus  serpens,  in  which  the 
pneumococcus  was  found  in  a  large  percentage  of  cases  by  Uhthoff 
and  Axenfeld.  2.  Keratomycosis  aspergillinia,  a  form  of  ulcer  pro- 
duced by  the  Aspergillus  fumigatus.  This  form  is,  however,  exceed- 
ingly rare  in  America;  only  two  cases  have  been  reported.  Other 
organisms  found  have  been  staphylococci,  Pfeiffer's  capsule  bacillus, 
bacillus  pyogenes  foetidus,  bacterium  coli,  bacillus  pyocyaneus,  diplo- 
bacillus,  ozjpna  bacillus,  and  a  number  of  other  forms  which  have 
not  been  identified  (Uhthoff). 
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and  edited  by  masters  in  their  art.  It  is  up-to-date  in  every  particular.  It  is 
a  practical  course  on  prosthetics  which  any  student  can  take  up  during  or  after 
college." — Dominion  Dental  Journal. 

OPERATIVE  DENTISTRY.      Edited  by  Edward 

C.  KIRK,  D.D.S.,  Professor  of  Clinical  Dentistry,  Department  of  Dentistry, 
University  of  Pennsylvania.  In  one  royal  octavo  volume  of  857  pages,  with 
897  Engravings.  New  (Second)  Edition.  Thoroughly  Revised  and  greatly 
Enlarged.    Cloth,  Gilt  top.    Price  26s.  net. 

A  TEXT-BOOK  OF  DENTAL  PATHOLOGY 
AND  THERAPEUTICS,  including  Phar- 
macology ;  being  a  Treatise  on  the  Principles  and 

Practice  of  Dental  Medicine  for  Students  and  Practitioners.  By  HENRY  H. 
BURCHARD,  M.D.,  D.D.S.,  Special  Lecturer  on  Dental  Pathology  and 
Therapeutics  in  the  Philadelphia  Dental  College,  In  one  royal  octavo  volume 
of  587  pages,  with  3S8  Engravings  and  2  Coloured  Plates.  Cloth,  Gilt  top, 
Price  22s.  net 

DENTAL  METALLURGY:  A  Manual  for  the 
Use  of  Dental  Students  and  Practitioners. 

By  CHARLES  J.  ESSIG,  M.D.,  D.D.S.,  Professor  of  Mechanical  Dentistry 
and  Metallurgy  in  the  Dental  Department  of  the  University  of  Pennsylvania. 
New  (Fourth)  Edition,  thoroughly  revised  by  AUGUSTUS  KOENIG,  B.S., 
M.D.,  Demonstrator  of  Metallurgy  in  the  Dental  Department  of  the 
University  of  Pennsylvania.  In  one  i2mo  volume  of  286  pages,  with  43 
Engravings.    Cloth,  Gilt  top.    Price  7s.  6d.  net. 

To  meet  the  needs  of  all  concerned — students,  teachers  and  dentists — the 
work  has  been  subjected  to  a  most  searching  revision.  As  now  issued,  it  is 
believed  to  be  complete  as  a  laboratory  guide,  a  practical  working  manual  and 
a  book  of  instruction.  No  effort  has  been  spared  to  make  it  represent  the 
latest  and  best  knowledge  with  scientific  accuracy,  directness  and  simplicity. 

BACON.— A  Manual  of  Otology.    By  GORHAM 

BACON,  A.B.,  M.D.,  Professor  of  Otology  in  Cornell  University  Medical 
College,  New  York  ;  Aural  Surgeon,  New  York  Eye  and  Ear  Infirmary. 
With  an  Introductory  Chapter  by  CLARENCE  JOHN  BLAKE,  M.D., 
Professor  of  Otology  in  Harvard  University.  422  pages,  with  1 14  Illustrations 
and  3  Coloured  Plates.  New  (Second)  Edition,  thoroughly  Revised  and 
greatly  Enlarged,  los.  6d.  net. 

"  The  avowed  object  of  the  author  of  this  book  is  to  meet  the  demands  of 
the  student  by  giving  him  a  short  and  compact  treatise  on  the  subject,  and  at 
the  same  time  to  afford  him  a  book  of  easy  reference. 

"The  manual  before  us,  as  it  gives  a  clear  and  concise  account  of  the 
present-day  knowledge  of  the  subject  of  otology,  is  one  to  be  commended  to 
the  notice  of  students,  and  to  those  practitioners  who  have  not  had  the  oppor- 
tunity of  practical  instruction  in  the  diagnosis  and  treatment  of  aural  affec- 
tions.    Journal  of  Laryngology. 
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BALLENGER  and  WIPPERN  — A  Text- Book  of 
Diseases  of  the  Eye,  Ear,  Nose,  and  Throat. 

By  W.  L.  BALLENGER,  INLD.,  Assistant  Professor  of  Otology,  Rhinology 
and  Laryngology  in  the  College  of  Physicians  and  Sm-geons,  Chicago,  and 
A.  G.  WIPPERN,  M.D.,  Professor  of  Ophthalmology  and  Otology,  Chicago, 
Eye,  Ear,  Throat,  Nose  College,  Chicago.  Li  one  handsome  l2nio  volume 
of  525  pages,  with  148  Illustrations,  and  6  Coloured  Plates.    Cloth,  los.  net. 

"In  general,  the  information  given  is  good,  and  there  are  many  practical 
suggestions  which  are  of  distinct  value." — Lancet. 

BARKER.    The  Nervous  System  and  its  Con- 
stituent Neurones.      Designed  for  the  use  of 

Practitioners  of  Medicine  and  of  Students  of  Medicine  and  Psychology.  By 
LE\VELL\'S  F.  BARKER,  M.B.  Tor.,  Associate  Professor  of  Anatomy,  in 
the  Johns  Hopkins  University,  and  Assistant  Resident  Pathologist  to  the 
Johns  Hopkins  Hospital.  8vo.  1 122  pages.  With  2  Coloured  Plates  and  676 
Illustrations  in  the  te.xt.    Roxburgh  Ijinding,  Gilt  top,  25s.  net. 

"It  is  difficult  within  the  limits  allotted  to  do  justice  to  this  reinarkable 
hook,  which  will  probably  at  once  occupy  the  premier  position  amongst 
English  books  on  Neuro- Histology.  ...  As  a  whole  the  work  is  a  masterly 
exposition  of  the  minute  structure  of  the  Nervous  System,  which  will  be  of  the 
utmost  value  to  the  Neurologist." — Edinburgh  Medical  Journal. 

"...  No  more  accurate,  full,  and,  apart  from  technical  details,  more 
generally  underslandal)le  book  on  this  important  subject  exists  in  the  English 
language,  or,  as  far  as  we  are  aware,  in  any  other." — Britisli  Medical  Journal. 

BERKLEY.— A  Treatise  on  Mental  Diseases.  By 

1II':NRV  J.  BERKLKV,  M.D.,  Cllnical  Professor  of  Psychiatry,  The  Johns 
Hopkins  University:  Chief  Visiting  Physician  to  the  City  Insane  Asylum, 
Baltimore. 

In  one  handsome  royal  octavo  volume  of  624  pages,  with  Frontispiece, 
Lithographic  Plates,  and  Illustrations  in  the  text.  Price,  in  Cloth,  21s.  net  ; 
or  in  Half  Morocco  binding,  25s.  net. 

"The  breadth  of  view,  soundness  of  judgment,  and  lucidity  of  expression 
which  in  general  characterise  Professor  Berkley's  'J realise  on  Alenlal  Diseases 
place  it  in  the  first  rank  of  such  works.  Beautifully  illustrated  by  photographs, 
diagrams,  and  coloured  drawings.  .  .  .  The  clinical  description  of  mental 
diseases  wliich  forms  the  bulk  of  the  book  is  of  such  sustained  excellence  that 
it  is  (lifficull  to  single  out  chapters  for  particular  notice.  To  English  readers, 
however,  the  section  on  Chronic  Progressive  Paranoia,  an  insanity  which  has 
received  so  much  attention  in  Germany  and  America,  will  be  of  special  interest. 
The  book  is  well  illustrated,  contains  an  extensive  and  valuable  bibliography, 
and  may  be  warmly  recommended." — Brilish  Medical  Journal. 

"...  Clearly  and  concisely  written  .  .  .  quite  up  to  date  .  .  .  well 
written  .  .  .  clear,  fresh,  and  concise." — Edinburgh  Medical  Journal. 

BIQELOW  and  MASSEY.    International  Sys- 
tem of  Electro-Therapeutics.    For  the  use  of 

Students,  Cleneral  Practitioners,  and  Specialists.  By  EMINENT  AU- 
THORITIES. Edited  by  HORATIO  R.  BIGELOW,  M.D.,  Fellow  of  the 
American  Electro-Therapeutic  Association,  etc.,  and  G.  BET'l'ON  MASSEY, 
M.D. ,  Physician  to  the  Gynrecological  Department  of  Howard  Hospital,  etc. 
Assisted  by  38  Eminent  Specialists  in  Europe  and  America  as  As.sociate 
Editors.  Second  Edition.  Thoroughly  ^Revised,  Rearranged,  and  greatly 
Improved,  including  an  entirely  new  Section  on  the  X-rays.  Fully  Illustrated 
with  many  Fine  Engravings.  Complete  in  one  royal  octavo  volume  of  1160 
pages.    Roxburgh  binding.    Price  25s.  net. 
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BOAS  — Diseases  of  the  Intestines.     By  Dr  I. 

BOAS,  Specialist  for  Gastro-Intestinal  Diseases  in  Berlin.  Authorised  Trans- 
lation from  the  first  German  Edition,  with  special  additions.  By  SEYMOUR 
BASCH,  M.D.,  New  York  City.  Octavo.  Forty-seven  Illustrations.  Cloth, 
price  2IS.  net. 

BROCKWAY.— A  Text-Book  of  Anatomy.  By 

FRED  J.  BROCKWAY,  M.D.,  Assistant  Demonstrator  of  Anatomy,  College 
of  Physicians  and  Surgeons,  New  York.  In  one  handsome  i2mo  volume  of 
about  400  pages,  richly  Illustrated.    In  Preparation. 

BRYANT.^Operative  Surgery.— By  JOSEPH  D. 

BRYANT,  M.D. ,  Professor  of  the  Principles  and  Practice  of  Surgery, 
Operative  and  Clinical  Surgery,  University  and  Bellevue  liospital 
Medical  College ;  Visiting  Surgeon  to  Bellevue  and  St  Vincent's 
Hospitals. 

Vol.  I.  :  General  Principles,  Anesthetics,  Antiseptics,  Control  of 
Hemorrhage.  Treatment  of  Operation,- Wounds,  Ligature  of  Arteries,  Opera- 
tions on  Veins,  Capillaries,  Nervous  System,  Tendons,  Ligaments,  Fasciae, 
Muscles,  Bursse,  and  Bones.  Amputations,  Deformities,  Plastic  Surgery. 
61  r  pages,  containing  749  Illustrations,  50  of  which  are  coloured.  Vol.* 
II.  :  Operations  on  Mouth,  Nose,  and  (Esophagus,  the  Viscera  connected 
with  the  Peritonaeum,  the  Thorax  and  Neck,  Scrotum  and  Penis,  and 
Miscellaneous  Operations.  760  pages,  containing  827  Illustrations,  40  of 
which  are  coloured.  Third  edition,  enlarged,  thoroughly  revised,  and 
rewritten.  Handsomely  bound  in  cloth.  Price  £1,  2s.  net  for  the  complete 
work. 

".  .  .  Exceedingly  well  done,  and,  in  fact,  the  general  quality  of  the 
Avork  is  such  as  to  lead  us  to  recommend  it  to  the  attention  of  anyone  interested 
in  the  wide  subject  of  operative  surgery." — G/asgow  Medical  Joiinial. 

"...  Fully  representative  of  present-day  practice.  .  .  .  This  abundance 
of  graphic  teaching  will  greatly  enhance  the  value  of  the  work  to  the  student. 
.  .  .  Reflects  the  best  modern  surgical  practice.  The  student  or  surgeon 
may  unhesitatingly  regard  this  book  as  a  trustworthy  guide,  and  we  cordially 
commend  it  to  their  notice." — Lancet. 

BUTLER. — The  Diagnostics  of  Internal  Medi- 
cine :    A  Clinical  Treatise  upon  the  recognised 

Principles  of  Medical  Diagnosis,  Prepared  for  the  use  of  Students  and 
Practitioners  of  Medicine.  By  GLENTWORTH  REEVE  BUTLER,  A.M., 
M.D.,  Chief  of  the  Second  Aledical  Division,  Methodist  Episcopal  Hospital ; 
Attending  Physician  to  the  Brooklyn  Hospital  ;  Consulting  Physician  to  the 
Bushwick  Central  Hospital  ;  formerly  Associate  Physician,  Departments  of 
Diseases  of  the  Chest  and  Diseases  of  Children,  St  Mary's  Hospital, 
Brooklyn,  N.Y.  ;  Fellow  of  the  New  York  Academy  of  Medicine  ;  Member 
of  the  Medical  Society  of  the  County  of  Kings,  &c.  In  one  very  handsome 
royal  octavo  volume  of  1087-  pages,  with  five  Coloured  Plates  and  246 
Illustrations  and  Charts  in  the  text.  Price,  handsomely  bound  in  half 
morocco,  25s.  net. 

"  Numerous  as  have  been  the  attempts,  both  in  this  country  and  abroad,  to 
compile  a  .satisfactory  work  on  medical  diagnosis,  all  these  attempts  have,  so 
far  as  we  are  aware,  heretofore  ended  more  or  less  in  failure.  '  The  Diagnostics 
of  Internal  Medicine,'  like  many  other  American  works  on  Medicine,  is  as 
original  in  method  as  it  is  succes.sful  in  its  execution  ...  is  essentially 
practical.    We  may  express  the  opinion  that  Dr  Butler's  work  on  diagnosis 

IS  UNDOUBTEDLY  THK  BKST  WORK  OI'  ITS  KIND." — Lancet. 


CAS  PAR  I. — A    Treatise  on  Pharmacy.  For 

Students   and    Pharmacists.     By   CHARLES    CASPARI,  Jr.,  Ph.G., 
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Professor  of  the  Theory  and  Practice  of  Pharmacy  in  the  Maryland 
College  of  Pharmacy,  Baltimore.  New  (Second)  and  thoroughly  revised 
Edition.  In  one  handsome  octavo  volume  of  774  pages,  with  ^oi  Entrravinirs 
and^a  Portrait  Plate.    Cloth,  Gilt  lop,  19s.  net. 

"  Professor  Caspari  has  issued  a  revised  and  enlarged  second  edition  of  his 
excellent  treatise  on  pharmacy,  in  which  the  various  sections  of  the  invaluable 
work  are  brought  up  to  date  and  new  matter  incorporated.  It  is  a  book  thai 
the  pharmacist  needs  every  day  and  the  student  every  hour."— jS^vV/V//  atid 
Colonial  Di-uggist. 


COAKLEY.wV  Manual  of  Diseases  of  the  Nose, 
Throat,  Naso-Pharynx  and  Trachea.    For  the 

use  of  Students  and  Practitioners.  By  CORNELIUS  G.  COAKLEY,  M.D., 
Chnical  Professor  of  Laryngology  in  the  University  and  Bellevue  Hospital 
Medical  College,  New  York.  In  one  I2mo  volume  of  536  pages,  with  92 
Engravings  and  2  Coloured  Plates.    Cloth,  price  12s.  net. 

"...  The  excellent  way  in  which  the  entire  field  has  been  covered.  .  .  . 
The  work  is  a  convenient  and  inexpensive  guide  to  the  entire  field  of  diseases 
of  the  nose  and  throat,  which  may  be  recommended  as  a  complete  and  trust- 
worthy summary  of  the  %vM)^c\..'"— Medical  News. 

"...  So  clear  and  concise  that  the  perusal  of  the  work  is  a  pleasure." — 
Praclitioitcr. 

COATES.— A  Text=Book  of  Bacteriology  and 
Hygiene.      By  W.   E.  COATES,   Jr.,  M.D., 

Instructor  in  Bacteriology  and  Pathology,  College  of  Physicians  and  Surgeons, 
Chicago.  In  one  handsome  i2mo  volume  of  about  350  pages,  with  many 
Illustrations.    In  Preparation. 

COLBECK  and  CHAPLIN.— The  Science  and 
Art  of  Prescribing.    By  E.  H.  COLBECK. 

B..\.,  M.D.  (Cantab.),  M.R.C.P.  (Lond.),  D.P.H.  (Cantab.),  Physician  to 
oiit-patienls  at  the  City  of  London  Ilospital  for  Diseases  of  the  Chest, 
Victoria  Park,  E.  ;  Physician  to  the  Metropolitan  Dispensar)',  etc.,  etc.  ; 
and  ARNOLD  CHAPLIN,  B.A.,  M.D.  (Cantab.),  M.R.C.P.  (Lond.), 
Physician  to  out-patients  at  the  City  of  London  Ilospital  for  Diseases  of  the 
Chest,  Victoria  Park,  E.  ;  Physician  to  out-patients  at  the  East  London  Hospital 
for  Children,  etc.,  etc.  In  one  i2mo  volume  of  about  160  pages.  Ready 
immediately. 

COLLINS.— A  Text-Book  of  Medical  Diagnosis. 

By  C.  P.  COLLINS,  M.D.,  Attending  Physician  to  St  Luke's  H  ospital.  New 
York.    In  one  handsome  i2nio  volume  of  about  350  pages.     In  Preparation. 

COLLINS  and  ROCKWELL.     Physiology.  By 

H.  p.  COLLINS,  M.D.,  Assistant  Demonstrator  of  Anatomy,  and  W.  H. 
ROCKWELL  Jr.,  A.  B.,  M.D.,  Assistant  Demonstrator  of  Anatomy, 
College  of  Physicians  and  Surgeons,  New  York.  Demy  8vo,  323  pages. 
Illustrated,  with  153  Engravings.    Bound  in  cloth.    Price  7s.  6d.  net. 

"This  book  fulfils  its  purpose,  as  set  forth  in  the  preface,  viz.,  ...  To 
help  the  student  to  acquire  a  knowledge  of  Physiology,  such  as  will  enable 
him  to  read  with  better  understanding  the  larger  works  on  the  subject  ;  .  .  . 
also  to  give  him  actually  fuller  and  more  accurate  information  than  can  be 
obtained  from  the  various  and  popular  quiz-compends." 

CORLETT.— A   Treatise    on    the   Acute,  In= 
fectious  Exanthemata.-  Variola,  Rubeola, 
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including  Scarlatina,  Rubella,  Varicella 
and  Vaccinia,  with  Especial  Reference  to 
Diagnosis  and  Treatment.     By  WILLIAM 

THOMAS  CORLETT,  M.D.,  L.R.C.P.  London  ;  Professor  of  Dermatology 
and  Syphilology  in  Western  Reserve  University  ;  Physician  for  Diseases  of 
the  Skin  to  Lakeside  Hospital ;  Consulting  Dermatologist  to  Charity  Hospital, 
St  Alexis  Hospital,  and  the  City  Hospital,  Cleveland ;  Member  of  the 
American  Dermatological  Association  and  the  Dermatological  Society  of 
Great  Britain  and  Ireland.  In  one  very  handsome  octavo  volume  of  400  pages, 
illustrated  by  12  Coloured  Plates,  28  Half-tone  Plates  from  life,  and  2  Engrav- 
ings.   Cloth.    Price  iSs.  net. 

CROCKETT.— A  Text  Book  of  Diseases  of 
Women.      By     MONTGOMERY  A. 

CROCKETT,  A.B.,  M.D.,  Adjunct  Professor  of  Obstetrics  and  Clinical 
Gyntecology,  Medical  Department,  University  of  Buffalo,  New  York.  In 
one  handsome  i2mo  volume  of  368  pages,  with  107  Illustrations.  Cloth, 
7s.  6d.  net. 

"Nothing  of  importance  has  been  overlooked.  .  .  .  The  teaching  is 
up-to-date,  and  the  most  important  operations  are  clearly  described." — Glasgow 
Medica!  Journal. 

"The  book  is  well  and  clearly  written,  and  gives  a  sound  and  well- 
balanced  view  c  f  the  subject  .  .  .  will  doubtless  be  appreciated  by  a  large 
circle  of  readers. " — Practitioner. 

CULLEN. — Cancer  of  the  Uterus :  its  Pathology, 

Symptomatology,  Diagnosis,  and  Treatment.  Also  the  Pathology  of  Diseases 
of  the  Endometrium.  By  THOMAS  STEPHEN  CULLEN,  Associate  Pro- 
fessor of  Gynecology  in  the  Johns  Hopkins  University.  Illustrated  by  Max 
Brodel  and  Hermann  Becker.  Royal  octavo.  709  pages,  with  11  Plates  and 
over  300  Coloured  and  Black  Illustrations  in  the  text.  Price,  bound  in  cloth, 
31s.  6d.  net ;  or  handsomely  bound  in  half  morocco,  price  36s.  net. 

This  work  contains  a  complete  history  of  the  development  of  Cancer  of 
the  Uterus,  gives  in  detail  the  various  pathological  conditions  that  have  to 
be  differentiated  from  cancer,  and  deals  fully  with  the  newer  methods  of 
treatment.  It  embraces  a  careful  examination  of  the  pathological  material 
from  the  Gynrecological  Department  of  the  Johns  Hopkins  Hospital  for  the 
last  seven  years. 

"...  We  may  safely  sa)',  indeed,  that  the  student  who  has  mastered  the 
contents  of  this  book,  or  who  has  even  carefull}'  studied  its  numerous  illustra- 
tions, will  find  himself  abreast  of  all  that  is  known  about  cancer  of  the  uterus. 
.  .  .  For  the  spirit  that  pervades  it,  as  well  as  for  the  excellence  of  the  work 
which  it  records,  we  feel  that  we  cannot  sufficiently  recommend  this  book  to 
the  notice  of  our  readers." — Glasgow  Medical  Journal. 

"  Dr  CuUen's  'Cancer  of  the  Uterus'  is  a  fine  monograph  on  a  grave 
subject.  The  book  itself  is  a  sumptuous  publication  of  the  familiar  Johns 
Hopkins  University  type.  The  rich  material  for  the  text  is  derived  from  the 
gynecological  operating  room  of  the  Johns  Hopkins  Hospital,  and  from  Dr 
rioward  Kelly's  private  sanatorium.  The  value  of  such  material  depends 
upon  how  those  who  possess  it  make  use  of  it.  We  know  that  the  Baltimore 
School  of  Medicine  have  carried  the  utilisation  of  clinical  and  scientific  material 
almost  to  perfection  ;  and  this  volume  is  a  fresh  witness  1,0  this  truth.  If  we 
enquire  whether  the  resources  of  similar  institutions  in  the  British  Empire  are 
as  well  employed  as  in  America,  we  doubt  if  the  reply  would  be  equally  satis- 
factory. Yet  we  are  not  without  a  good  model  for  imitation.  .  .  .  The  pages 
devoted  to  operative  treatment  are  most  instructive,  and  valuable  tables  of 
results  arc  given  in  an  appendix.  Dr  Cullen  specially  appeals  to  the  general 
practitioner.  For  one  of  the  curses  of  uterine  cancer  in  its  clinical  aspect  is 
the  difficulty  of  its  recognition  in  an  early  stage,  when  operation  affords  almost 
certain  immunity  against  recurrence.    The  author  therefore  lays  great  stress 
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on  llie  removal  and  examinaiion  of  uterine  tissues  for  diagnostic  purposes. 
He  says  mucli  about  the  curette  and  about  snipping  off  pieces  of  suspected 
tissue,  and  gives  directions  for  preserving  them  so  that  they  may  be  prepared 
for  the  microscope  and  examined  by  experts.  There  can  Ije  no  doubt  that 
Dr  Cullen  is  right  in  insisting  on  investigation  of  this  kind.  The  practitioner 
is  now  a  well-educated  man,  and  knows  that  he  runs  a  grave  responsibility  if 
he  trifles  with  a  suspected  case  for  months  or  simply  watches  its  develojiment. 
He  cannot  be  expected  to  prepare  sections  or  to  be  certain  what  such  sections 
demonstrate;  but  there  are  in  this  country  as  in  America  several  institutions 
where  clinical  and  pathological  researches  are  undertaken.  Lastly,  the  clinical 
features  of  the  different  varieties  of  uterine  cancer  and  of  innocent  diseases 
which  simulate  it  are  described  very  clearly,  so  that  Dr  Culi.en'.s  volumk 

VVn.I.  BE  AS  USEFUI,  TO  THE  PKACTITIONER  AS  TO  THE  SI'ICCI ALIST  AND  THE 
TEACHER  OK  PATHOLOGY."— ^^vVw//  iMidiial Journal. 

CURTIS.— Voice=Building    and  Tone=Placing. 

Showing  a  new  method  of  relieving  injured  vocal  cords  by  tone  exercises 
By  M.  IIOLBROOK  CURTLS,  Ph.B.,  M.D.,  Fellow  of  the  New  York 
Academy  of  Medicine;  Member  of  the  American  Medical  Association; 
Member  of  the  British  Laryngological,  Rhinological  and  Olological  Associa- 
tion, etc.,  etc.  In. one  I2nio  volume  of  227  iiages,  with  numerous  Illustra- 
tions.   Handsomely  bound  in  cloth,  gilt  lop.    Trice  7s.  6d.  net. 

DENCH.— Diseases  of  the  Ear:  A  Text-B  00k  for 

I'raclitioners  and  Students  of  Medicine.  By  EDWARD  BRADFORD 
DI'INCH,  I'h.B.,  M.U.,  Professor  of  Otology  in  the  Bellevue  Hospital 
Medical  College  ;  Aural  Surgeon  to  the  New  York  Kye  and  Ear  Infirmary, 
etc.  8vo.  645  pages,  with  8  Coloured  Plates  and  152  Illustrations  in  the 
text.    Cloth,  2  Is.  net. 

"  The  name  of  the  author  is  .so  well  known  in  conneciion  with  advanced 
aural  surgery,  that  one  approaches  this  volume  with  feelings  of  the  greatest 
nnticiiialion,  feelings  which  are  truly  satisfied,  for  there  exists  but  one  or 
two  works  on  Aural  Surgery  which  can  compare  with  it,  and  they  are  all 
of  slightly  older  issue.  This  volume  is  by  far  the  most  scientific  work  of 
its  kind.  It  is  complete,  full  of  detail, 'and  exhibits  at  the  .same  time 
the  knowledge  and  skill  of  the  writer,  and  his  aptitude  in  teaching  the 


same. 


"The  portion  of  the  work  devoted  to  Anatomy  and  Physiology  is  ex- 
ceptionally clearly  rendered,  the  plates  being  excellent  as  well  as  numerous." 
— Treatment. 

DONDERS.— Refraction  :  An  Essay  on  the  Nature 

and  the  ConsequL-nces  of  Anomalies  of  Refraction.  By  F.  C.  DONDERS, 
M.D.,  late  Professor  of  Physiology  and  Ophthalmology  in  the  University  of 
Utrecht.  Authorised  Translation.  Revised  and  Indited  by  CHARLES 
A.  OLIVER,  A.M.,  M.D.,  one  of  the  Attending  Surgeons  to  the 
Wills  Eye  Hospital  ;  one  of  the  Ophthalmic  Surgeons  to  the  Philadelphia 
Ilospital,  etc.  With  a  very  handsome  Portrait  of  the  Author  and  a  series  of 
Explanatory  Diagrams.    8vo.    Price  6s.  net. 

.  .  .  Nothing  but  the  highest  praise  can  be  given  to  the  work  itself, 
which  will  for  years  to  come  continue  to  reflect  the  highest  honour  on  the  great 
man  who  wrote  it." — British  Medical  Journal. 

DUDLEY.— Diseases  of  Women  :  A  T  reatise  on 

the  Principles  and  Practice  of  Gynecology  for  Students  and  Practitioners. 
By  E.  C.  DUDLEY,  I\LD.,  Professor  of  Gynaecology  in  the  Chicago  Medical 
College.  Second  Edition,  Revised  and  p:nlarged,  in  one  very  handsome  oct.ivo 
volume  of  717  pages,  with  453  Engravings,  of  which  47  are  Coloured,  and 
8  full-jjage  Plates  in  Colours  and  Monochrome.    Cloth,  21s.  net. 

"  We  know  of  no  work  on  gynrecology  better  written  or  more  suitable  for 
the  needs  of  the  student  and  the  general  practitioner.    The  methods  of  treat- 
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ment  advised  are  practical  and  in  accord  wilh  the  accepted  views  of  the 
profession.    The  iUustrations  are  attractive  and  helpful."— yl/tfoT/ca/  Standard. 

"'I  horough,  and  based  on  the  author's  wide  clinical  experience.  The 
book  is  well  bound,  clearly  printed,  and  provided  with  a  large  niuiiber  of 
diagrammatic  illustrations,  which,  with  the  numerous  tables  on  differential 
diagnosis,  should  tend  to  assist  its  readers  in  their  comprehension  of  the 
X.^^i." —Glasgow  Medical  Journal. 

EGBERT  ~A  Manual  of  Hygiene  and  Sanita 
tion.     By  SENECA  EGBERT,  A.M.,  M.D., 

Professor  of  Hygiene  and  Dean  of  the  Medico-Chirurgical  College  of  Phila- 
delphia ;  Member  of  the  American  Medical  Association,  etc.,  etc.  .Second 
Edition,  Enlarged  and  thoroughly  Revised.  In  one  small  octavo  volume  of 
436  pages,  with  77  Engravings.    Cloth.    Price  los.  6d.  net. 

_  "  Its  pages  may  be  read  with  distinct  advantage  by  students  of  hygiene.  .  .  . 
It  is  well  written,  clear,  and  covers  a  somewhat  surprising  e.xpanse  of  subject, 
considering  the  size  of  the  volume." — Lancet. 

ECKLEY.— Regional  Anatomy  of  the  Head  and 
Neck.      A    Manual    for    Dental    Students  and 

Practitioners.  By  WILLIAM  T.  ECKLEY,  M.D,,  Professor  of  Anatomy, 
and  CORINNE  B.  ECKLEY,  M.D.,  Demonstrator  of  Anatomy  in  the 
College  of  Physicians  and  Surgeons,  Chicago,  and  in  the  Medical  and  Dental 
Departments  of  the  University  of  Illinois,  etc. 

In  one  handsome  octavo  volume  of  240  pages,  with  36  Engravings  in  the 
text  and  20  full-page  Plates  in  Black  and  Colours.    Cloth,  12s.  6d.  net. 

EVANS.— A  Text- Book  of  Obstetrics.    By  DAVI D 

J.  EVANfe,  M.D.,  Demonstrator  of  Obstetrics,  M'Gill  University,  Faculty 
of  Medicine,  Montreal.  In  one  handsome  i2mo  volume  of  409  pages, 
with  148  Illustrations.    Cloth,  7s.  6d.  net. 

"This  is  a  clearly  written  and  nicely  published  little  work  on  Obstetrics, 
on  which  the  author  must,  on  the  whole,  be  congratulated.  .  .  .  We  are  sure 
the  book  will  be  appreciated  by  Students." — Dublin  Journal  of  Medical 
Science. 

"  We  can  thoroughly  recommend  this  small  text-book  to  both  Students  and 
Practitioners."— C/rtj-^oiu  Medical Journal. 

EWINQ.— Clinical  Pathology  of  the  Blood  :  A 

Treatise  on  the  General  Principles  and  Special  Applications  of  Hematology. 
By  JAMES  EWING,  A.M.,  M.D.  Professor  of  Pathology  in  Cornell 
University  Medical  College,  New  York  City.  In  one  very  handsome  octavo 
volume  of  432  pages,  illustrated  with  30  Engravings  and  14  Coloured 
Plates  drawn  by  the  Author.    Price  i8s.  net. 

"To  any  one  engaging  in  such  resefirches  (and  every  practitioner  must 
engage  in  them  more  or  less)  the  work  of  Dr  Ewing  will  be  found  invaluable. 
The  book  will  be  found  a  mine  of  information,  and,  indeed,  will  prove  indis- 
pensable to  any  one  investigating  blood  changes  in  disease." — Dublin  Journal 
of  Medical  Science. 

"  As  a  thoroughly  sound  and  philosophical  treatise  on  hematology,  free 
from  prejudice  and  exaggeration,  the  book  may  be  strongly  recommended 
alike  to  the  beginner  and  the  advanced  student." — Practitioner. 

QALLAUDET.— A  Text  Book  of  Surgery.  By 

BERN  B.  GALLAUDET,  M.D.,  Demonstrator  of  Anatomy,  and  Clinical 
Lecturer  on  Surgery,  College  of  Phy.sicians  and  Surgeons,  New  York.  In  one 
handsome  l2mo  volume  of  about  400  pages,  with  many  Illustrations.  In 
Preparation. 


10 


CATALOGUE  OF  HENRY  KIMPTON'S 


QAYLORD  and  ASCHOFR— The  Principles  of 
Patliological   Histology.    By    HARVEY  R. 

GAVLORD,  M.D.,  Professor  of  Surgical  I'alhology  in  the  Universily  of 
Buflalo,  N.Y.,  and  LUDWIG  ASCHOFK,    M.D.,    Professor  and  First 
Assistant  in  the  Pathological  Institute  of  the  Universily  of  Gollingen,  Germany 
with  an  Introductory  Note  by  WILLIAM  II.  WELCH,  M.D.,  Professor  of 
Pathology  in  Johns  Hopkins  University,  Baltimore. 

A  Combined  Atlas  and  Treatise  upon  Disease-Structure,  giving 
the  best  methods  for  microscopical  ti.ssue  diagnosis,  the  actual  appearance 
of  each  abnormal  condition,  and  its  clinical  significance.  .  It  applies 
science  directly  to  practice.  The  most  accurately  and  elaborately  illus- 
trated work  extant  on  its  subject.  Quarto,  354  pages,  with  81  Engravings 
in  the  text,  and  40  full-page  Plates  of  Helio-Types  and  Coloured  Litho- 
graphs, containing  about  200  figures.  Handsomely  bound  in  half  morocco, 
3 IS.  6d.  net. 

QERRISH.— A  Text-Book  of  Anatomy.  Edited 

by  FREDERIC  H.  GERRLSll,  M.D.,  Professor  of  Anatomy  in  the 
Medical  School  of  Maine  at  Bowdoin  College.  In  one  magnificent  imperial 
octavo  volume  of  915  pages,  with  950  Engravings  in  Black  and  Colours. 
Handsomely  bound  in  cloth.  Price  27s.  net  ;  or  in  half  morocco,  31s.  6d. 
net. 

In  thi.s  magnificent  work  no  efl'orl  or  expense  has  been  spared  to  combine 
an  authoritative  text  with  the  most  successful  anatomical  pictures  which  hive 
yet  appeared  in  the  world. 

The  Editor  has  secured  the  co-operation  of  the  Professors  of  Anatomy  in 
leading  medical  colleges,  and  with  them  has  prejiared  a  text  conspicuous  for 
its  completeness,  sim[jlicity,  unity  and  judicious  selection  of  sucli  anatomical 
facts  as  bear  on  physiology,  surgery  and  internal  medicine  in  the  most  com- 
prehensive sense  of  those  terms.  The  authors  have  endeavoured  to  make  a 
book  which  shall  stand  in  the  place  of  a  living  teacher  to  the  .student,  and 
which  shall  be  of  actual  .service  to  the  practitioner  in  his  clinical  work,  em- 
phasising the  most  important  details,  clarifying  obscurities,  helping  most  in 
the  parts  most  diflicult  to  learn,  and  illustrating  everything  by  all  available 
methods. 

Pictorially,  "  Gerrish's  Text-Book  of  Anatomy "  marks  a  great  advance 
beyond  even  ihc  elaborately  illustrated  works  hitherto  procurable,  the  series  of 
engravings  being  far  more  exten.sive  both  in  number  and  in  the  use  of  colours. 
They  have  been  drawn  so  large  that  every  detail  is  distinct,  and  a  particul.nr 
advantage  has  been  achieved  by  engraving  the  names  of  the  parts  directly 
upon  them,  whereby  the  nomenclature,  positions,  and  relations  of  the  various 
structures  are  impressed  on  the  memory  at  a  glance,  and  the  great  difticulties 
inseparable  from  reference  letters  and  lines  are  avoided. 

By  a  new  and  ingenious  arrangement  this  one  volume  serves  as  a  complete 
Atlas  of  Anatomy,  a  dissecting  guide,  and  a  thorough  treatise  on  systematic, 
descriptive,  and  applied  anatomy. 

Special  interest  will  attach  to  the  novel  pictorial  method  of  .showing  the 
origin,  contour,  and  insertion  of  muscles,  to  the  complete  series  of  Rtintgen- 
ray  engravings,  the  normal  living  .skeleton  in  relation  to  the  soft  parts,  and  to 
an  equally  important  series  of  surface  landmark  photographs  and  annexed 
diagrams. 

Ffom  llu  Glasgmu  Medical  Journal. — ".  .  .  We  can  recommend  the  work 
very  cordially  to  practitioners  and  otheis  whose  desideratum  is  a  richly  illus- 
trated text-book,  reliable  in  its  information,  and  easily  handled." 

QRANDIN  and  JARMAN.— Practical  Obstetric^. 

Pregnancy,  Labour,  the  Puerperal  State,  and  Obstetric  Surgery.  A  Text-Book 
for  Physicians  and  Students.  By  EGBERT  H.  GRANDIN,  M.D.,  Consulting 
Obstetric  Surgeon  to  the  Kew  York  Maternity  Hospital,  Consulting  Gyne- 
cologist to  the  French  Hospital,  etc.  ;  with  the  collaboration  of  GEORGE  W. 
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JARMAN,  M.D.,  Obstetric  Surgeon  to  the  New  York  Maternity  Hospital, 
Gynecologist  to  the  Cancer  Hospital,  etc.  New  (Third)  Thoroughly  Revised 
Edition.  In  one  Handsome  royal  octavo  Volume  of  500  pages,  with  52 
Full-Page  Photogravure  Plates  taken  from  Nature,  besides  many  other  cuts  in 
the  text,  the  whole  forming  the  Most  Modern  and  Complete  Work  on  the 
Science  and  Art  of  Obstetrics.    Cloth.    Price  i8s.  net. 

GRINDON.— A  Text-Book  of  Skin  Diseases.  By 

JOSIiPH  GRINDON,  M.D.,  Professor  of  Dermatology,  St  Louis  and 
Missouri  Medical  College,  St  l.ouis.  In  one  handsome  i2mo  volume  of  350 
pages,  with  many  Illustrations.    In  Preparation. 

HANSELL  and  REBER  — A  Practical  Handbook 
on  the  Muscular  Anomalies  of  the  Eye.  By 

HOWARD  F.  HANSELL,  A.M.,  M.D.,  Clinical  Professor  of  Ophthalmo- 
logy, Jefferson  Medical  College  ;  Professor  of  Diseases  of  the  Eye,  Philadelphia 
Polyclinic  and  College  for  Graduates  in  Medicine,  etc.,  etc.  ;  and  WENDELL 
REBER,  M.D.,  Instructor  in  Opthalmology,  Philadelphia  Polyclinic  and 
College  for  Graduates  in  Medicine,  etc.,  etc.  With  28  Illustrations  and  one 
Plate.    182  pages.    Price  6s.  net. 

"  This  little  book,  whose  modest  aim  is  to  serve  as  a  guide  to  '  beginners  in 
ophthalmic  work,'  will,  we  think,  be  read  with  interest  even  by  surgeons  of 
experience  .  .  based  on  much  clinical  observation,  and  is  marked  by  a 
soberness  of  judgment  which  has  not  always  been  conspicuous  in  works  deal- 
ing with  this  subject.  The  methods  of  diagnosis  are  clearly  described,  and 
the  lines  of  treatment — general,  optical,  and  operative,  are  fully  and  temper- 
ately discussed.  .  .  .  We  think  the  book  is  a  good  one,  and  likely  to  be  help- 
ful to  students — more  helpful  possibly  in  some  respects  than  Maddox's  work 
on  the  same  subject,  inasmuch  as  it  deals  rather  with  patients  in  the  flesh 
than  with  problems  in  physiological  optics." — Ophthalmic  Review. 

HARDAWAY.— A   Clinical    Manual    of  Skin 
Diseases  :  With  Special  Reference  to  Diagnosis 

and  Treatment  ;  for  the  use  of  Students  and  General  Practitioners.  By  W.  A. 
HARDAWAY,  A.M.,  M.D.,  Professor  of  Diseases  of  the  Skin  and  Syphilis 
in  the  Missouri  Medical  College,  St  Louis  ;  Phy.sician  for  Diseases  of  the  Skin 
to  the  Martha  Parsons'  Flospital  for  Children  and  to  St  John's  Hospital ; 
Ex-President  of  the  American  Dermatological  Association.  Second  Edition, 
Revised  and  Enlarged.  In  one  small  octavo  volume  of  557  pages,  with  42  En- 
gravings and  2  Plates.    Cloth.    Price  los.  6d.  net. 

HARE. — Practical  Diagnosis.    The  use  of 

Symptoms  in  the  Diagno.sis  of  Disease.  By  HOBART  AMORY  HARE, 
M.D.,  Professor  of  Therapeutics  and  Materia  Medica  in  the  Jefferson  Medical 
College  of  Philadelphia,  etc.  New  (Fourth)  Edition.  623  pages,  with  205 
Engravings  and  14  full-page  Coloured  Plates.    Cloth  21s.  net. 

"  Dr  Hare  is  to  be  congratulated  on  having  written  a  most  stimulating  and 
suggestive  book." — Lancel. 

"  Ilandsome  and  beautifully  illustrated.  .  .  .  The  matter  is  worthy  of 
the  illustrations,  and  greater  praise  cannot  be  given  to  it.  It  is  made  very 
readily  accessible  by  a  very  full  index,  which  fills  more  than  forty  pages." — 
Quarterly  Medical  Journal. 

"We  congratulate  the  author  on  a  book  that  has  been  of  value  to  a  very 
varied  class  of  readers,  both  students  and  practitioners." — Practitioner. 

HARE. — AText=Book  of  Practical  Therapeutics  : 

With  Especial  Reference  to  the  Application  of  Remedial  Measures  to  Disease 
and  their  Employment  upon  a  Rational  Basis.    By  HOBART  AMORY 
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HARE,  iM.D.,  Professor  of  Therapeulics  and  Materia  Medica  in  the  Jefferson 
Medical  College  of  Philadelphia.  With  special  chapters  by  Drs  G  F  \w 
SCHVVEINITZ,  EDWARD  MARTIN,  and  BARTON  C.  HIRST.  New 
(Eighth)  Edition.  In  one  octavo  volume  of  796  pages,  with  37  Engravings 
and  3  Coloured  Plates.    Price  21s.  net. 

The  d  emand  for  eight  editions  of  Professor  Plare's  Practical  Therapeutics  in 
nine  years  proves  its  accepted  position  as  a  standard  work  for  both  students 
and  practitioners,  whose  needs  it  equally  answers.  The  author  has  faithfully 
revised  it  at  each  opportunity,  so  that  it  is  always  up-to-date,  and  is  so 
recognised.  The  latest  revision  has  increased  the  volume  by  about  25  pages 
and  two  full-page  plates  have  been  added.  v  i,  ■ 

Reviews  of  former  editions  : — 

"We  can  thoroughly  recommend  this  book  to  practitioners  and  students.'' 
— Lancet. 

"  We  strongly  recommend  the  book  as  a  u.seful  aid  to  the  practical  work  of 
the  profession."— .9((7///j-/2  Medical  and  Surgical Journal. 

"  The  work  can  be  strongly  recommended  to  English  practitioners,  to  whom, 
perhaps,  it  is  not  so  well  known  as  it  undoubtedly  deserves  to  \>e:.'" —Quarterly 
Medical  Journal. 

HARE  — The  Medical  Complications,  Accidents, 
and  Sequelae  of  Typhoid  or  Enteric  Fever. 

By  HOHART  AMORV  HARE,  M.D.,  B.Sc,  Professor  of  Therapeutics  in 
Jc'flerson  Medical  College  of  Philadelphia,  Phvsician  to  the  feflerson  Medical 
College  Hospital,  Laureate  of  the  Medical  Society  of  London,  of  the  Royal 
Academy  in  Belgium.  With  a  special  chapter  on  the  mental  disturbances 
following  Typhoid  Fever,  by  F.  X.  DERCUM,  M.D.,  Clinical  Professor  of 
Diseases  of  the  Nervous  System  in  the  TelTerson  Medical  College.  2S6  naees 
8vo.    Illustrated.    Price  los.  6d.  net.  ^  ' 

-p    u'-'  ■  ^"  ^'^  ^^"^  •'^'""'■y  •I'i'e  has  given  to  the  literature  of 

lyphoid  Fever  a  valuable  contribution,  and  has  added  to  the  reputation  of  the 
great  American  School  of  Medicine."— /:>///;//;/  Journal  of  Medical  Science. 

HARRINGTON  — A  Manual  of  Practical  Hygiene 

for  Students,  Physicians,  and  Medical  Ofticers.  By  CHARLES  H^iR- 
RINc;T(>N    M.D.,  A.ssistant  Professor  of  Hygiene  in  the  Medical  School 

0  Harvard  University.  In  one  very  handsome  octavo  volume  of  729  pages 
Illustrated  with  12  Plates  and  105  Engravings.    Price  21s.  net.  f  t>  ' 

HAYDEN.    A  Manual  of  Venereal  Diseases.  By 

JAMES  R.  HAYDKN.  M.D.,  Chief  of  Venereal  Clinic  and  Instructor  in 
Venereal  and  Genito-Urinary  Diseases,  College  of  Physicians  and  Surgeons, 
New  York.  Third  Edition.  In  one  i2mo  volume  of  ico  paces  with 
60  Engravings.    Cloth.    Price  7s.  6d.  net.  i  fa  ' 

HEMMETER.-  Diseases  of  the  Stomach.  Their 

special  Pathology,  Diagnosis,  and  Treatment,  with  sections  on  Anatomy 
lhy.siology.  Analysis  of  Stomach  contents.  Dietetics,  Surgery  of  the  Stomach 
etc.  In  three  parts.  By  JOHN  C.  IIEMMETER,  M.B.,  M.D  Ph  d'' 
Clinical  Professor  of  Medicine  at  the  Baltimore  Medical  College,  Consultant 
to  the  Maryland  General  Hospital,  etc.  With  many  original  Illustrations, 
a  number  of  which  are  in  Colours,  and  a  Lithograph  Frontispiece.  New 
(Second)  Edition,  thoroughly  Revised  and  greatly  Enlarged.  One  volume, 
royal  octavo,  S98  pages.    Price  30s.  net. 

''  Dr  Ilemmeter's  Treatise  comprises  a  thorough  survey  of  the  whole  subject 

01  disease  of  the  stomach,  and  nothing  is  omitted  which  is  material  to  its  full 
comprehension.  ...  We  part  from  Dr  Hemmeter's  work  with  the  sense  that 
It  embodies  the  best  knowledge  of  the  time,  that  it  is  a  book  which  is  of 
inestimable  value  as  a  work  of  reference,  and  that  it  will  well  repay  the  most 
careful  study  which  can  be  given  to  it.  The  index  is  remarkably  complete  " 
— Lancet. 


STANDARD  MEDICAL  PUBLICATIONS 


HIRT.— The  Diseases  of  the  Nervous  System. 

A  Text-Book  for  Physicians  and  Students.  By  Dr  LUDWIG  HIRT, 
Professor  at  the  University  of  Breslau.  Translated,  with  permission  of  the 
Author,  by  August  Hoch,  M.D.,  assisted  by  Frank  R.  Smith,  A.M.  (Cantab.), 
M.L).,  Assistant  Phy.sicians  to  the  Johns  Hopkins  Hospital.  With  an  In- 
troduction by  WILLIAM  OSLER,  M.D.,  F.R.C.P.,  Profe.ssor  of  Medicine  in 
the  Johns  Plopkins  University,  and  Physician-in-Chief  to  the  Johns  Hopkins 
I-lospital,  BaUimore.  Second  Edition,  Revised  and  Enlarged.  Royal  8vo  7^,1 
pages,  \vith  i8i  Illustrations.  Price21s.net. 

"  It  is  a  delightful  book  to  study,  and  of  the  utmost  value  to  the  general 
practitioner."— /]/(;^fzVv7/  Record. 


HOLT.— The  Diseases  of  Infancy  and  Childhood. 

For  the  Use  of  Students  and  Practitioners  of  Medicine.  By  L.  EMMET 
HOLT,  A.M.,  M.D.,  Professor  of  Diseases  of  Children  in  the  New  York 
Polyclinic  ;  Attending  Physician  to  the  Babies'  Hospital  and  to  the  Nursery  and 
Childs'  Plospital,  New  York  ;  Consulting  Physician  to  the  New  York  Infant 
Asylum  and  to  the  Hospital  for  Ruptured  and  Crippled.  One  volume  of  11 34 
pages,  with  7  full-page  Coloured  Plates  and  203  Illustrations.  Half-morocco, 
gilt  top.    Price  25s.  net. 

_".  .  .  The  work  is,  in  our  judgment,  one  of  the  best  yet  published  on  the 
subject  of  children's  diseases." — Lancet. 

"  This  is  in  every  way  an  admirable  volume,  and  we  are  genuinely  pleased 
to  congratulate  Dr  Holt  on  his  work.  Its  very  size  led  us  to  expect  some- 
thing of  the  nature  of  a  Dictionar)' — a  mere  book  of  reference — but  we  have 
found  it  conspicuously  free  of  the  stock-in-trade  of  the  wholesale  compiler.  It 
is  a  monument  of  labour,  and  labour  not  of  collation,  but  the  ripe  fruit  of  the 
many-sided  practical  experience  of  the  author  himself.  It  is  a  book  that  we 
can  confidently  recommend  to  every  practitioner  as  the  best  we  know  in  this 
department  of  medicine,  and  full  of  interest  and  useful  suggestiveness  from 
cover  to  cover.  And  when  to  excellence  of  matter  and  style  are  linked  good 
printing,  good  paper,  and  good  binding,  we  have  a  most  acceptable  volume. 
The  excellent  index  and  clear  arrangement  of  subjects  make  the  book  one 
which  is  particularly  easy  to  consult.  We  doubt  whether  there  is  any  text-book 
on  the  Diseases  of  Children  in  the  English  language  at  once  so  readable,  so  accu-  ~ 
rate  and  so  up-to-date  in  its  information  on  all  important  matters.  We  cer- 
tainly know  of  none  better  calculated  to  be  helpful  to  the  practitioner,  whether 
in  private  or  hospital  practice,  "Scottish  Medical  and  Surgical  Journal. 


HOLT.— The  Care  and  Feeding  of  Children.  A 

Catechism  for  the  Use  of  Mothers  and  Children's  Nurses.  By  L.  EMMET 
HOLT,  M.D.,  Professor  of  Diseases  of  Children  in  the  New  York  Polyclinic  ; 
Attending  Physician  to  the  Babies'  Hospital  and  the  Nursery  and  Child's 
Hospital,  New  York.  Second  Edition,  Revised  and  Enlarged.  i6mo,  108 
pages.    Cloth,  2s.  net. 

"We  know  of  no  similar  work,  even  of  twice  its  size,  which  contains  so 
much  trustworthy,  practical  information  in  such  an  easily  intelligible  form." — 
Scottish  Medical  attd  Surgical  Journal. 


HYDE    and    MONTGOMERY.— A  Practical 
Treatise  on  Diseases  of  the  Skin.    For  the 

use  of  Students  and  Practitioners.  By  J.  NEVINS  HYDE,  A.M.,  M.D.,  Pro- 
fessor of  Dermatology  and  Venereal  Diseases  in  Rush  Medical  College,  Chicago, 
and  FRANK  HUGH  MONTGOMERY,  M.D.,  Assistant  Professor  of  Skin, 
Gcnito-Urinary  and  Venereal  Diseases,  Rush  Medical  College,  Chicago,  etc. 
New  (Sixth)  and  thoroughly  Revised  Edition.  In  one  octavo  volume  of  831 
pages,  with  107  Engravings  and  27  full-page  Plates  in  Colours  and 
Monochrome.    Roxburgh  binding.    Price  25s.  net. 

"  The  authors  of  this  text-book  should  feel  satisfied  with  the  success  of 
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their  work,  as  they  find  it  necessary  to  produce  their  fiftli  edition  two  years 
only  after  the  publication  of  the  fourth.    The  treatise  is  certainly  at  present 

ONE  OK  TIIH  STANDAUI)  TEXT-BOOKS  OF  DERMATOLOGY,  and  gives  a  good 

account  of  the  subject  from  the  point  of  view  of  its  teachers  in  English-speaking 
countries.  It  is  very  noticeable  on  reading  the  text-books  published  in  the 
United  States,  how  closely  the  ideas  and  methods  coincide  in  both  Trans- 
atlantic and  British  schools.  ...  In  our  opinion,  this  work  has  distinctly  risen 
in  the  scale  of  English  text-books  as  the  result  of  its  careful  revision,  and  we 
have  no  hesitation  in  recommending  it  as  a  thoroughly  reliable  guide  to 
Dermatology." — British  Joitnial  of  Dcriiiaiology. 

"  From  every  point  of  view  we  can  cordially  recommend  the  book  to  our 
readers." — Dublin  Journal  of  Medical  Science. 

"  To  its  enterprising  publisher,  tliis  must  be  one  of  the  most  satisfactory 
works  he  has  issued.  Appearing  first  in  1883,  and  reaching  a  second  edition 
five  years  afterwards,  it  appeared  in  its  present  guise  (fifth  edilion)  at  the  close 
of  1899,  a  volume  which  every  one  concerned  in  its  production  may  well 
contemplate  witli  a  sense  of  gratification. 

"This  admirable  work  is  a  valuable  addition  to  any  medical  practitioners 
literary  capital." — Glasgow  Medical  Journal. 

JACKSON.— The    Ready   Reference  Handbook 
of   Diseases  of   the   Skin.     By  GEORGE 

THOMAS  JACKSON,  M.D.,  I'rofessor  of  Dermatology  in  the  Woman's 
jMedicai  College  of  the  New  York  Infirmary,  and  in  the  i\iedical  Deparlmeut 
of  the  University  of  Vermont  ;  Chief  of  Clinic  and  Instructor  in  Dermatology, 
College  of  Physicians  and  Surgeons,  New  York,  etc.,  etc.  Fourth  Edition, 
Revised  and  Enlarged,  642  pages,  with  80  Illustrations  and  3  Coloured  Plates. 
Demy  8vo.    Price  12s.  6d.  net. 

"Even  tiio.se  who  are  conveksant  with  the  i.iTEitATuuE  oi-- 
Deumatoi.ogy  wii.i,  he  likely  to  i.eakn  something  I'Rom  this  admir- 
Aiu.E  i.n  ri.E  WORK." — Lancet. 

"...  The  very  best  of  the  short  treatises  on  the  subject  which  have 
been  publi.shed.  ...  In  every  way  excellent,  and  it  is  a  pleasure  to 
recommend  it  to  those  desirous  of  having  at  hand  an  accurate  and  concise 
presentation  of  the  subject  of  13eriiiatology.  — A't'ro  York  Medical  Journal. 

"...  Mas  earned  a  permanent  posilion  in  Dermatological  literature. 
.  .  .  Dr  Jackson  has  now  made  for  liis  work  a  well-defined  place.  The 
present  edition  of  the  ready  reference  hand-book  is  certainly  one  of  the  best 
of  the  smaller  treatises  on  Dermatology." — Practitioner. 

JEWETT.— The    Principles    and    Practice  of 
Obstetrics.     By  Eminent    Authors.     Edited  by 

CI  I. VK EES  JEWETT,  M.D.,  Professor  of  Obstetrics  in  the  Long  Island 
College  Hospital,  Brooklyn,  l''ellow  of  the  British  Gynecological  Society,  etc. 
In  one  handsome  octavo  volume  of  768  pages.  Illustrated  with  441  Engrav- 
ings, many  coloured,  and  22  Coloured  Plates.    Roxburgh  binding,  25s.  net. 

"...  Of  a  high-class  order.  There  are  no  fewer  than  nineteen  con- 
triliutors  to  this  volume,  and  we  may  say  that  each  has  clone  his  part  well.  .  .  . 
This  is  full  and  tru.stworthy,  and  its  value  is  enhanced  by  several  fine  engrav- 
ings, both  plain  and  in  colour,  as  well  as  several  beautifully-coloured  plates, 
which  are  really  works  of  art.  ...  In  a  book  by  so  many  contributors,  it 
is  not  often  that  one  finds  all  the  articles  of  such  order  of  merit.  We  have 
had  great  pleasure  in  reading  it.  It  is  excellently  got  up  in  every  way.  Dr 
Jewett  has  done  his  work  well,  and  with  his  collaborateurs  has  produced  a 
work  on  Obstetrics  which  we  can  with  every  confidence  recommend  to  the 
student  and  practitioner  as  a  reliable  guide  to  them  in  their  difficulties." — 
Glasgow  Medical  Journal. 


JEWETT.— Essentials  of    Obstetrics.  By 

CHARLES  JEWETT,  A.M.,  M.D.,  Sc.D.,   Professor  of  Obstetrics  and 
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Gynecology  in   the   Long   Island  College  Hospital '  and  Obstetrician  and 
Gynecologist  to  the  Hospital ;  Fellow  of  the  British  Gynecological  Society 
etc.    Assisted  by  HAROLD  F.  JEVVETT,  M.D.    New  (Second)  and  Revised 
Edition,  in  one  octavo  volume  <jf  386  pages,  Illustrated  with  80  Woodcuts  and 
5  full-page  Plates  in  Colours.    Cloth.    Price  los.  6d.  net. 

KEHR— Introduction  to  the  Differential  Diag= 
nosis  of  the  Separate  Forms  of  Gallstone 
Disease.     Based  upon  his  own  experience  gained 

in  433  Laparotomies  for  Gallstones.  By  Professor  HANS  KEHRof  Halbersladt. 
Authorised  Translation.  By  WILLIAM  WOTKYNS  SEYMOUR,  A.B., 
Yale,  M.D.,  Harvard.  Formerly  Professor  of  Gyntecology  in  the  University 
of  Vermont ;  Fellow  of  the  American  Association  of  Obstetricians  and  Gynae- 
cologists ;  Surgeon  to  the  Samaritan  Hospital,  Troy,  New  York.  With  an 
Introduction  by  Professor  KEHR.  In  one  small  octavo  volume  of  370  pages. 
Cloth.    Price  9s.  net. 

KELLY.^Operative  Gynecology.    By  HOWARD 

A.  KELLY,  A.  B.,  M.D.,  Fellow  of  the  American  Gynecological  Society;  Pro- 
fessor of  Gynecology  and  Obstetrics  in  the  Johns  Hopkins  University  and 
Gynecologist  and  Obstetrician  to  the  Johns  Hopkins  Hospital,  Baltimore  ; 
formerly  Associate  Professor  of  Obstetrics  in  the  University  of  Pennsylvania  ; 
Corresponding  Member  of  the  Societe  Obstetricale  et  Gynecologique  de  Paris, 
and  of  the  Gesellschaft  Filr  Gebiirtshulfe  Zu  Lei|izig.  In  two  royal  octavo 
volumes,  with  24  Plates  and  592  Illustrations.  Handsomely  bound  in  half 
morocco,  gilt  tops.    Vol  I.,  587  pages  ;  Vol  II.,  573  pages.    Price  3s.net. 

"This  book,  which  is  in  two  volumes,  has  now  been  published,  and  is  un- 
doubtedly the  most  important  work  upon  this  subject  which  has  yet  been 
written  in  the  English  language.  Not  only  the  great  excellence  of  the  letter- 
press, but  also  the  artistic  merit  of  the  very  numerous  illustrations  with  which 
it  is  furnished,  render  the  work  one  well  worthy  of  the  Ainerican  School  of 
Gynecology  and  of  the  high  reputation  of  its  author.  ...  Of  the  plates  and 
illustrations  it  is  impossible  to  speak  too  highly.  Many  of  them  are  triumphs 
of  the  ilkistrator's  art,  and  the  author  is  to  be  congratulated  not  only  on  his 
artists,  but  also  upon  his  publishers,  who  have  reproduced  the  artists'  drawings 
in  such  a  remarkable  manner.  .  .  .  The  volumes  are  of  the  highest  merit, 
will  long  remain  the  standard  work  upon  the  subject  of  which  they  treat,  and 
should  be  in  the  hands  of  all  gynecologists  and  surgeons  performing  pelvic 
operations." — Lancet. 

KIMPTON  S  POCKET  MEDICAL  FORMULARY. 

Containing  Seventeen  Hundred  Prescriptions  representing  the  latest  and  most 
approved  methods  of  administering  remedial  agents.  By  E.  QUIN 
THORNTON,  M.D.,  Demonstrator  of  Therapeutics,  Pharmacy,  and  Materia 
Medica  in  the  Jefferson  Medical  College,  Philadelphia.  In  one  wallet-shaped 
volume,  strongly  bound  in  leather,  with  pocket  and  pencil.    Price  7s.  6d.  net. 

A  new  work  of  the  utmost  value  to  every  medical  man.  It  is  arranged 
according  to  the  most  practically  helpful  plan.  Under  each  Disease  are  given 
the  most  authoritative  and  efficacious  prescriptions  for  simple  cases,  as  well  as 
for  the  various  stages  and  complications.  Instructive  annotations  are  appended 
wherever  serviceable.  The  newer  and  the  older  drugs  and  therapeutic 
measures  are  recommended  with  no  discrimination  in  favour  of  novelty,  but 
solely  on  their  merits,  so  that  this  work  summarises  the  world's  best 
therapeutics  up-to-date,  and  presents  them  in  a  suggestive  form  for  instant 
application. 

KIMPTON'S  POCKET  MEDICAL  LEXICON;  or, 
Dictionary  of  Terms  and  Words  used  in  Medi- 
cine and  Surgery.    By  lOHN  M.  KEATING, 


ir, 
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M.D.,  editor  of  "  Cyclopredia  of  Diseases  of  Children, "  etc. ,  author  of  the 
"New  Pronouncing  Dictionary  of  Medicine "  ;  and  HENRY  HAMILTON 
author  of  "  A  New  Translation  of  Virgirs  .-Eneid  into  English  Verse"  -  co- 
author of  a  "  New  Pronouncing  Dictionary  of  Medicine."  A  New  and  Revised 
Edition,  'samo,  282  pages.  Cloth.  Price2s.6d.net.  Handsomely  bound  in 
leather,  price  3"!.  6d.  net. 

"  Remarkably  accurate  in  terminology,  accentuation,  and  definition."— 
Journal  of  Ainericaii  A/edica/  Association. 

"Brief,  yet  comi>letc.  ...  It  contains  the  very  latest  nomenclature 
even  the  newest  departments  of  medicine." — A''eiv  York  Medical  Record. 

KING  — A  Manual  of  Obstetrics.    By  A.  F.  A. 

RING,  M.D.,  Professor  of  Obstetrics  and  Diseases  of  Women  in  the  Medical 
Department  of  the  Columbian  University,  Washington,  D.C.,  and  in  the 
University  of  Vermont,  etc.  Eighth  Edition,  Revised  and  Enlarged.  In  one 
demy  octavo  volume  of  621  p.iges,  with  264  Illustrations.    Cloth,  12s.  6d.  net. 

"  I'rof.  King's  Manual  is  now  so  well  known  that  the  appearance  of  the 
.Sixth  Edition  calls  only  for  a  congratulatory  note  from  the  reviewer.  A  large 
number  of  additional  illustrations  have  been  introduced  into  the  work,  which  is 
quite  worthy  of  the  high  place  it  has  attained  in  the  undergraduate  mind." 
Ediuhiirgh  Medical  Journal. 

"The  book  is  undoubtedly  the  best  manual  of  obstetrics  extant  in  English." 
—  The  Philadelphia  Polyclinic. 

"  VVc  welcome  this  new  edition,  which  gives  a  very  excellent  rt'sumc'  of  the 
main  Aids  of  oljstetrica!  theory  and  practice,  and  is  likely  to  prove  as  fully 
popul.ir  as  its  predecessors." — Briliih  Gynitcological Journal. 

LIKES.— A  Text-Book  of  Genito-Urinary  and 
Venereal  Diseases.    By  SYLVAN  H.  LIKES, 

M.D.,  Demonstrator  of  Pathology  and  Genito-Urinary  Surgery  at  the  College 
of  Physicians  and  Surgeons,  Baltimore.  In  one  handsome  i2mo  volume  of 
about  350  pages,  with  many  Illustrations.    In  Preparation. 

LINN.    The    Health    Resorts   of    Europe.— A 

Medical  and  Popular  tiuide  to  the  Mineral  Springs,  Climatic,  Mountain  and 
Seaside  Ileallh  Resorl.s,  Milk,  Whey,  Grape,  Earth,  Mud,  Sand,  and  Air 
Cures  of  Europe.  Hy  Dr  THOMAS  LINN  of  Paris  and  Nice.  With 
Appendices  :  (a)  British  and  Foreign  Hydropathic  Establishments,  Sanatoria, 
Private  Clini(|ues,  etc.  ;  (b)  The  British  Balneological  and  Climatolo^ical 
Society;  (c)  The  Continental  Anglo-American  Medical  Society;  (d)  The 
American  Denial  Society  of  Europe,  etc.  ;  (e)  Homes  for  the  Treatment  of 
Alcoholism,  the  Morijhium  Habit,  etc.  In  one  crown  octavo  volume  of 
328  pages.    Price  2s.  6d.  net. 

MAISCH'S  Materia  Medica.— Seventh  Edition.  A 

Manual  of  Organic  Materia  Medica  :  Being  a  Guide  to  Materia  Medica  of  the 
Vegetable  and  Animal  Kingdoms.  For  the  use  of  Students,  Druggists, 
Pharmacists  and  Physicians.  By  JOHN  M.  MAISCH,  Phar.D.,  Professor 
of  Materia  Medica  and  Botany  of  the  Philadelphia  College  of  Pharmacy. 
New  (Seventh)  Edition,  thoroughly  revised  in  accordance  with  the  new  (1898) 
Edition  ]5ritish  Pharmacopoeia,  by  H.  C.  C.  MAISCH,  Ph.G.  In  one  very 
handsome  l2mo  volume  of  523  pages,  with  285  Engravings.  Cloth,  los.  6d. 
net. 

"  For  the  past  seventeen  years  this  work  has  been  a  favourite  text-book  with 
American  and  English  Students,  and  the  influence  it  has  exerted  has  been 
very  marked,  the  system  of  classification  adopted  in  it  having  proved  to  be  the 
most  convenient  in  practice.  ...  It  must  be  acknowledged  that  the  book 
remains  the  only  fairly  complete  work  of  its  kind.  ...  Its  price  is 
moderate,  the  paper  and  printing  are  excellent,  and  the  pharmaceutical  student 
who  does  not  procure  a  copy  of  the  book  is  making  a  grievous  mistake." — 
Phaniiacculical  /ournal. 
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MALSBARY.— Practice   of   Medicine.  By 

GEORGE  E.  MALSBARY,  M.D.,  Assistant  to  the  Chair  of  Theory  and 
Practice  of  Medicine,  Medical  College  of  Ohio,  Cincinnati.  404  pages, 
Illustrated  with  45  Engravings.     Price  7s.  6d.  net. 

"...  Accurate  and  up-to-date.  Students  preparing  for  examination  will 
find  a  handy  r^siimt!." — Scotlish  Medical  Journal. 

"Worthy  of  recognition  and  success.  The  author  possesses  the  art  of  clear 
statement  and  careful  arrangement." — Physician  and  Surgeon. 

MARTIN  &  ROCKWELL.— A  Text  Book  of  Chem- 
istry and  Physics.    By  WALTON  MARTIN, 

M.  U.,  Assistant  Demonstrator  of  Anatomy,  and  WILLIAM  H.  ROCKWELL, 
Jr.,  A.B.,  M.D.,  Assistarft  Demonstrator  of  Anatomy,  College  of  Physicians 
and  Surgeons,  New  York.  In  one  handsome  i2mo  volume  of  366  pages,  with 
137  Illustrations.    Cloth,  7s.  6d.  net. 

MUSSER.— A  Practical  Treatise  cn  Medical 
Diagnosis.      For     the    use    of    Students  and 

Practitioners.  By  JOHN  II.  MUSSER,  M.D.,  Professor  of  Clinical  Medi- 
cine, University  of  Pennsylvania,  Philadelphia.  New  (Fourth)  Edition. 
Thoroughly  Revised.  In  one  octavo  volume  of  1104  pages,  with  250 
Engravings  and  49  full-page  Coloured  Plates.  Cloth,  28s.  net.  Roxburgh 
binding,  gilt  top,  31s.  6d.  net. 

"  Dr  Musser  may  be  congratulated  upon  the  outcome  of  his  labours.  A  most 
valuable  text-book  is  the  result,  cc5ntaining  a  vast  amount  of  information  set 
forth  in  a  manner  to  which  no  exception  can  be  taken.  .  .  .  By  a  careful 
l^erusal  ok  these  pages  a  student  may  hope  to  become  a  veritable 
Sherlock  Holmes  i.\  the  deduction  to  be  arrived  at  by  mere 
OBSERVATION  OF  A  P.ATIENT.  The  Illustrations  are  beautifully  produced,  and 
add  to  the  value  of  a  trustworthy  and  instructive  manual.'' — Lancet. 

NICHOLS  and  VALE.— A  Text-Book  of  Histo= 
logy  and  Pathology.    By  JOHN  B.  NICHOLS, 

M.D.,  Demonstrator  of  Histology,  Medical  Department,  Columbian  University, 
and  F.  P.  Vale,  M.D. ,  Assistant  in  Pathology,  Medical  Department,  University 
of  Georgetown,  Washington,  D.C.  In  one  handsome  i2mo  volume  of  458 
pages,  amply  Illustrated.    Cloth,  7s.  6d.  net. 

"  There  are  few  who  will  not  pick  up  much  useful  knowledge  from  its 
perusal." — Dublin  Journal  oj  JMedical  Science. 

OHLEMANN.— Ocular  Therapeutics  for  Physi= 
cians    and    Students.     By    F.    W.  MAX 

OHLEMANN, , M.D.  (Minden,  Germany).  Late  Assistant  Physician  in 
the  Ophthalmological  Clinical  Institute  of  the  Royal  Prussian  University  of 
Berlin,  etc.  Translated  and  Edited  by  CHARLES  A.  OLIVER,  A.M., 
M.D.,  one  of  the  Attending  Surgeons  to  the  Wills  Eye  Hospital,  one  of  the 
Ophthalmic  Surgeons  to  the  Philadelphia  Hospital,  etc.  274  pages.  Price 
7s.  6d.  net. 

"  Its  aim  is  to  give  in  an  easily  accessible  form  the  prescriptions  most  in 
favour  with  various  ophthalmic  surgeons,  chiefly,  of  course,  those  of  Germany. 
The  book  is  divided  into  two  portions,  the  first  or  general  part  dealing  with 
the  various  forms  in  which  treatment  is  applied,  and  the  various  classes  of 
drugs,  while  in  the  second,  or  special,  part,  different  diseases  form  the  different 
headings,  and  for  each  the  appropriate  remedies  are  suggested.  There  is  a 
very  copious  cross-reference  index  of  drugs,  of  diseases,  and  of  authors, 
which  reflects  credit  upon  the  pains  expended  on  its  arrangenient  and  carrying 
out. " — Ophthalmic  Review. 
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OSLER  — The  Principles  and  Practice  of  Medi- 
cine.   Designed  for  the  use  of  Practitioners  and 

SLiideiits  of  Medicine.  By  WILLIAM  OSLER,  M.D.,  LL.D.  (Edin  ) 
F.R.S.,  F.R.C.P.,  Professor  of  Medicine  in  the  Johns  Hopkins  University 
and  Physician-in-Chief  to  the  Johns  Hopkins  Hospital,  Baltimore  •  fornierlv 
Professor  of  the  Institute  of  Medicme,  M'Gill  University,  Montreal-  and 
Professor  of  Clinical  Medicine  in  the  University  of  Pennsylvania,  Philadelphia 
New  (l-ourtli)  Edition,  thoroughly  revised  and  re-written.  In  one  ver>'  hand- 
some royal  octavo  volume  of  1200  pages  Illustrated.  Price,  bound  in  extra 
cloth,  gilt  top,  i8s.  net,  or  handsomely  bound  in  half  morocco,  21s.  net. 

"May  be  taken  as  one  of  the  best  representatives  in  English  of  the  modern 
side  of  Medical  Education."— -^rzV/j-//  Medical  Jo)irnal. 

"  A  clear  and  well-arranged  book,  perfectly  up-to-date." — Lamcl. 

"We  heartily  recommend  this  treatise  to  all  medical  practitioners  and 
students."— C/rtj-n^t'  Medical  Journal. 

OSLER.— Lectures  on  the  Diagnosis  of  Abdominal 
Tumours.     Delivered  before  the  Post-Graduate 

Class,  Johns  Hopkins  University,  by  WILLIAM  OSLER,  ALD.,  F.R  C  P 
Professor  of  Medicine,  Johns  Hopkins  University,  I'liysician-in-Chief  to  Tohns 
Hopkins  Hospital,  Baltimore.    Small  Svo.    Illustrated.    Cloth,  Cs.  net. 

"  The  lectures  are  entirely  coiit'ined  to  a  coinidcralion  of  cases  that  had  been 
under  treatmait  during  the  preceding  twelve  months,  and  we  may  congratulate 
Ur  Osier  both  on  the  wealth  of  his  material  and  on  the  excellent  use  he  has 
made  of  it.  The  whole  set  constitutes  a  most  excellent  piece  of  clinical  work 
and  we  believe  that  no  physician  could  fail  to  derive  benefit  from  a  careful 
perusal  of  ihese  lectures,  which,  we  may  add,  are  profusely  illustrated  with 
photograj^hs  and  diagrams."— i^r/z/j//  Medical  Journal. 

PARK.— Bacteriology  in  Medicine  and  Surgery : 

.A  Manual  for  Practitioners,  Health  Olllcers,  and  Students.  By  WILLIAM 
H.  PARK,  M.D.,  Associate  Professor  of  Bacteriology  and  Hvgienc  in  the 
University  and  Bellevue  Hospital  Medical  College,  New  York.  In  one 
I2mo  volume  of  688  pages,  with  73  Engravings  and  2  Coloured  Plates. 
Cloth,  15s.  net. 

"In  this  book  of  over  600  pages,  Dr  Park  covers  the  whole  ground  of 
bacteriology,  wuh  special  reference  to  such  parts  of  the  subject  as  are  likely  to 
be  of  practical  utility  to  physicians,  surgeons,  and  medical  officers  of  health, 
and,  after  a  pretty  careful  reading,  we  can  aver  lhat  his  work  has  been  carefully 
and  con.scientiously  performed,  and  that  the  volume  does  really  deserve  a  place 
on  the  book-shelves  of  those  for  whose  use  it  is  intended.  .  .  Highly 
practical  information— the  fruits  of  an  extremely  wide  experience. 

"  VVe  know  of  no  English  u  ork  in  which  the  entire  subject  of  diphtheria  is 
dealt  with  m  so  full  and  detailed  a  manner  as  it  is  in  this  book  of  Dr  Park. 
\  ery  full  of  valualjle  practical  hints  is  also  his  chapter  on  typhoid 
Extremely  concise  and  valuable."— Z)///;//y/  Journal  ofmMedical .Science. 

"  \  "r^^  "^"'^^'-^  ^"^  recommended  to  all  whom  it  may  concern,  as  an 
linusually  full  and  complete  guide  to  the  medical  aspects  of  bacterioloey."— 
Lancet. 


PARK.  —  A  Treatise  on  Surgery.     By  Eminent 

;.\^^'?"''f-  ''y  KOSWELL  PARK,  M.D.,  Professor  of  Surgery  and 

Clinical  Surgery,  Medical  Department,  University  of  Buffalo,  Buffalo.  In 
one  magnificent  royal  octavo  volume  of  126 1  pages,  with  625  Engravings  and 
37  full-page  Plates  in  Colours  and  Monochrome.  Handsomely  bound  in  half- 
moroL-co.    Gilt  top.    Price  25s.  net. 

"We  can  unreservedly  commend  them  as  exceedingly  well  done  by  men 
thoroughly  conversant  with  what  they  were  writing  about.  We  can  only 
speak  in  terms  of  the  highest  of  praise  ;  paper,  printing,  coloured  plate's 


STANDARD  MEDICAL  PUBLICATIONS  19 


illustration  in  the  text,  and  binding,  arc  all  of  the  best,  and  one  wonders  how 
the  book  can  be  turned  out  at  the  exceedingly  moderate  price  at  which  it  is 
issued." — Glasgow  Medical Joimial. 

"  Fresh,  clear,  and  practical,  covering  ihe  ground  thoroughly,  and  well 
arranged  for  rapid  reference,  so  that  it  will  be  of  special  value  to  the  student 
and  busy  practitioner.  The  pathology  is  broad,  clear  and  scientific,  while 
the  suggestions  upon  treatment  are  clear-cut,  thoroughly  modern,  and 
admirably  resourceful."^ — BuUetin  of  the  Johns  Hopkins  Hospital. 

PHELPS.— Traumatic  Injuries  of  the  Brain  and 

its  Membranes.  With  a  Special  Study  of  Pistol- 
shot  Wounds  of  the  Head  in  their  Medico-Legal  and  Surgical  Relations.  By 
CHARLES  PHELPS,  i\LD.,  Surgeon  to  Bellevue  and  St  Vincent's  Hospital. 
Second  Edition.    8vo,  596  pages,  with  49  Illustrations.    Cloth,  21s.  net. 

"  .  .  .  Dr  Phelps's  work  must  at  once  take  its  place  as  a  classical  book 
of  reference." — Practiiioner. 

"Is  one  of  the  most  valuable  contributions  of  the  time  to  the  literature  of 
the  surgery  of  the  brain.  It  should  be  studied  by  every  surgeon  ;  and  by  the 
general  practitioner,  whose  field  of  observation  is  limited,  this  work  will  be 
found  of  exceptional  value." — Annals  of  Surgery. 

POTTS.— A  Text=Book  of  Nervous  and  Mental 
Diseases.     By  CHARLES  S.  POTTS,  M.D., 

Instructor  in  Electro-Therapeutics  and  Nervous  Diseases  in  the  University  of 
Pennsylvania,  Philadelphia.  In  one  handsome  l2mo.  volume  of  442  pages, 
with  88  Illustrations.    Cloth,  7s.  6d.  net. 

"  This  is  a  well-written  book  ;  it  is  very  suitable  for  students  who  desire  to 
pay  special  attention  to  neurology.  .  .  .  Even  qualified  practitioners  might 
find  that  some  of  their  wants  are  met  by  this  volume." — Glasgow  Medical 

Journal.  ,  1  r  n 

"Dr  Potts  has.  written  a  book  which  is  pleasant  to  read,  very  helpUiUy 
illustrated,  and  which  will  be  useful  both  to  student  and  practitioner."— 
Practitioner. 


PRICE=BROWN— Diseases  of  the  Nose  and 
Throat.       By    J.    PRICE -BROWN,  M.B., 

LRCP.E.,  Member  of  the  College  of  Physicians  and  Surgeons  of 
Ontario:  Laryngologist  to  the  Toronto  Western  Hospital;  Laryngologist 
tc*  the  Protestant  Orphans'  Home;  Fellow  of  the  American  Laryngo- 
lomcal  Rhinological,  and  Otological  Society;  Member  of .  the  British 
Aledical  Association,  the  Pan-American  Medical  Congress,  the  Canadian 
Medical  Association,  the  Ontario  Medical  Association,  etc.,  etc.  In  one  hand- 
some octavo  volume  of  470  pages,  Illustrated  with  159  Engrav'ings,  including 
6  full-page  Colour  Plates  and  9  Colour  Cute  in  the  text,  many  of  them  original. 

^^°H^^/pJ.'^ce-Browii's  book  is  one  which  wilPloe  of  speciaPValue  to  those  in 
general  practice  .  .  .  will  prove  a  useful  book  of  reference  to  busy  practi- 
tioners."— Lancet.  ■  - 

PROGRESSIVE  MEDICINE:  A  Quarterly 
Digest  of  Advances,  Discoveries,  and 
Imorovements  in  the  Medical  and  Surgical 

■       Sciences.    General  Editor,  HOBART  AMORY 

H  \RF  M  U  In  four  octavo  volumes  of  about  400  pages  each,  handsomely 
Illtistrated.'  Subscription  ,,rice,  ^2,  los.  per  annum,  post  free.  Volumes  are 
sold  separately,  price  12s.  6d.  net. 
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SCHEDULE  OF  CONTENTS. 

Vol.  I  -Infeclious  Diseases  including  Acute  Rheunialism,  Croupous  Pneumonia 

^'Jhp^^,7p"!' °Vr';  I^lood,  Dialhelic  and  Melabolic  Disorders,  Diseases  of 
ti  e  Spleen,  Thyroid  Gland  and  Lymplialic  System,  by  ALFKED  STENGEL 
rm  Vv    M^n'^'  °r-         /Abdomen,  including  Hernia,  by  WILLIAM  B.' 

.o?y^b^ESi?ARSrAa&^N;y§"^^'  ^- 

Vol.  III.-Diseases  of  the  Thorax  and  its  Viscera,  including  the  Heart,  Lungs 
and  Blood  Vessels,  by  WILLIAM  EWART,  M.D.,  F.K.C.P     Diseases  of 
the  Sk.n    l.y  WILLIAM  GOTTHEIL,  M.D.     Diseases  of  the  Ner^i^us 
nSiS^Yd  SPILLEK,  M.D.    Obstetrics,  by  RICHARD  C. 

Vol.  IV.— Diseases  of  the  Digestive  Tract  and  Allied  Organs,  the  Liver, 
ancreas,  and  Peritoneum,  by  MAX  EIMIORN,  M.D.  Genito-UrinaiT 
Di-seases  in  (he  Male,  and  Syphilis,  by  WILLIAM  T.  BELFIELD,  M  D 
•ractures  Dislocations  Amputations,  Surgery  of  the  Extremities  and 
Orthopedics,  by  JOSEPH  C.  BLOODGOOD,  M.D.  Diseases  of  the 
kidneys,  by  JOHN  ROSE  BRADFORD,  M.D.,  F.  R.C.P.    Phy^olocy  by 

I  I  lORN  I  ON,  M.D.    I  lygiene,  bv  H  ENRV  H.  HAKER,  M  D 

"  J  he  name  of  Dr  II.  A.  Hare  is  so  well  and  favourably  known  to  the 
readers  ol  the  /  ractttioiier  that  a  .sympathetic  welcome  is  sure  to  await  his 
latest  editorial  work.  In  this  he  proposes  to  treat  the  progress  of  medicine  in 
a  novel  method.  Instead  of  summing  it  up  in  a  year-book  at  the  conclusion  of 
tlie  year,  he  proposes  to  issue  a  volume  ijuarterlv,  dilTerent  departments  beinir 
treated  every  three  months.  This  work  of  I)r  flare's  will  not  only  receive  a 
succes  dcslimc  from  his  own  reputation.  The  names  of  his  contributors  are 
also  earnest  of  good  work,  for  they  include  those  of  many  coming  men  on  both 
sides  of  the  Atlantic.  The  list  is  long  and  excellently  selected,  and  is  exactly 
what  a  record  of  progress  .should  be— well-selected,  well-arranged,  and 
practically  helpful.  .  .  .  We  feel  sure  that  the  work  will  gain  a  leading  place 
amongst  the  numerous  digests  of  progress.  The  volume  is  of  convenient  size, 
and  the  large  type  adds  to  the  pleasure  of  perusal."— 

PROUST  and   BALLET.  — The  Treatment  of 
Neurasthenia.     By  A.    PROUST,  Professor 

Et  la  Faculte  de  Medecinc  de  Paris,  &c.,  and  GILBERT  BALLET,  Professor 
agrege  a  la  I'aculte  de  Mcdecine  de  Paris,  &c.  Authorised  Translation  from 
T  r  Pc' CAMPBELL  SMITH,  L.R.C.P.E.,  L.R.C.S.E., 
i^;  ;  ^^'-r" ^"  ""^  very  handsome  .small  octavo  volume  of  227  pages. 
Cloth,  Gilt  top.    Price5s.net.  /  I'-s  ' 

PURDY.  -  Practical   Uranalysis  and  Urinary 
Diagnosis  :    A  Manual  for  the  use  of  Physicians, 

Surgeons,  and  Students.  By  CHARLES  W.  PURDY,  LL.D.,  M.D.. 
Queen  s  University,  PY-llow  of  the  Ro)al  College  of  Physicians  and  Surgeons, 
Kingston  :  Professor  of  Clinical  Medicine  at  the  Chicago  Post-Graduate 
Medical  School.  iMfth  Revised  and  Enlarged  Edition,  with  numerous 
Illustrations,  including  Photo-engravings  and  Coloured  Plates.  Cloth. 
Price  15s.  net. 

REED.— A  Text=Book  of  Gynecology.    Edited  by 

CHARLES  A.  L.  REED,  A.M.,  M.D.,  President  of  the  American  Medical 
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Association  ;  Gynecologist  and  Clinical  Lecturer  on  Diseases  of  Women  at  the 
Cincinnati  Hospital,  etc.  In  handsome  half-morocco  binding,  900  pages, 
356  beautifully  executed  Illustrations.    Price  25s.  net. 

This  work  is  an  exposition  of  the  practice  of  medicine,  in  its  broadest 
sense,  as  applied  to  diseases  peculiar  to  women.  Nearly  one-half  of  the 
volume  is  from  the  pen  of  the  Editor,  while  the  remainder  is  based  upon 
contributions  from  distinguished  British  and  American  writers  and  teachers, 
not  only  of  gynecology,  but  the  cognate  subjects  of  pathology,  bacteriology, 
neurology,  dermatology,  general  surgery  and  internal  medicine.  The  various 
contributions,  while  duly  accredited  to  their  respective  authors,  do  not  appear 
as  an  aggregation  of  dissociated  monographs,  but  are  blended  into  a  consecu- 
tive text,  harmoniously  arranged  to  fulfil,  in  the  highest  degree,  the  require- 
ments of  a  compj-ekensive,  practical,  and  itp-io-date  text-book  for  both  practi- 
tioners and  students. 

ROBINSON.  —  Baldness  and  Greyness  :  Their 
Etiology,  Pathology  and  Treatment.  By 

TOM  ROBINSON,  M.D.  New  (Fourth)  and  Revised  Edition.  In  one 
octavo  volume  of  133  pages.    Cloth,  Gilt.    Price  2s.  6d.  net. 

ROGER.  —  Introduction    to   the    Study  of 

Medicine.  By  G.  H.  ROGER,  Professor  Extra- 
ordinary in  the  Faculty  of  iVIedicine  of  Paris,  Member  of  the  Biological  Society, 
Physician  to  the  Hospital  of  Porte  d'Aubervillers.  Authorised  Translation  by 
M.  S.  GABRIEL,  M.D.,  with  Additions  by  the  Author.  One  octavo  volume 
of  545  pages,  handsomely  bound  in  cloth.  Price  2is.  net.  The  Medical  Faculty 
of  the  University  of  Paris  having  instituted  a  course  of  lectures  especially  in- 
tended for  those  entering  upon  the  laborious  study  of  the  Medical  Sciences, 
Professor  Roger  was  asked  to  carry  out  this  plan. 

"We  have  every  confidence  in  recommending  the  work  to  senior  students 
and  medical  practitioners." — Scottish  Medical  and  Surgical  Journal. 

"But  for  both  student  and  practitioner  this  introduction  to  the  study  of 
medicine  is,  indeed,  as  the  translator  expresses  it,  'a  fascinating  journey  into 
the  regions  of  medicine  where  the  most  important  developments  have  recently 
been  realised.'  In  conclusion,  we  must  congratulate  Dr  Gabriel  upon  the 
successful  manner  in  which  his  translation  reflects  the  brilliant  literary  style  of 
the  original  text." — Lancet. 

SAUNDERS'     POCKET    MEDICAL  FORMU- 
LARY.   By  Wm.  POWELL,  M.D.,  Attending 

Physician  to  the  Mercer  House  for  Invalid  Women  at  Atlantic  City,  Con- 
taining 1850  Formulte,  selected  from  several  hundred  of  the  best  known 
authorities.  Forming  a  handsome  and  convenient  pocket  companion  of  nearly 
300  printed  pages,  with  blank  leaves  for  Additions  ;  witli  an  Appendix  contain- 
ing Posological  Table,  Formulre  and  Doses  for  Hypodermic  Medication, 
Poisons  and  their  Antidotes,  Diameters  of  the  Female  Pelvis  and  Foetal  Head. 
Obstetrical  Table,  Diet  List  for  Various  Diseases,  Materials  and  Drugs  used  in 
Antiseptic  Surgery,  Treatment  of  Asphyxia  from  Drowning,  Surgical 
Remembrancer,  Tables  of  Incompatibles,  Eruptive  Fevers,  Weights  and 
Measures,  etc.  Sixth  Edition,  Revised  and  Greatly  Enlarged.  Handsomely 
bound  in  morocco,  with  side  index,  wallet  and  flap.    Price  7s.  6d.  net. 

A  concise,  clear,  and  correct  record  of  the  many  hundreds  of  famous  formula: 
which  are  found  .scattered  through  the  works  of  the  most  eminent  physicians 
and  surgeons  of  the  world.  The  work  is  helpful  to  the  student  and  practitioner 
alike,  as  through  it  they  become  acquainted  with  numerous  formula;  which  are 
not  found  in  text-books,  but  have  been  collected  from  among  the  rising  genera- 
tion of  the  profession,  college  professors,  and  hospital  physicians  and  surgeons. 
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"This  volume  contains  a  collection  of  prescriptions  arranged  under  the 
head  of  various  diseases  wliich  they  are  designed  to  benefit.  The  diseases  are 
classified  in  Alpliahetical  order,  and  the  volume  is  supplied  with  a  thumb-nail 
index,  which  renders  consultation  the  more  easy.  The  prescriptions  given 
appear  to  have  been  .selected  with  judgment  from  a  large  number  of  sources,  and 
this  hand-book  will  doubtless  often  be  useful  in  indicating  how  an  unfan'iiliar 
drug  may  best  be  prescribed.  It  will  also  be  of  use  .sometimes  in  suggesting 
new  lines  of  treatment,  for  there  is  no  doubt  that  we  are  all  rather  dispcsed  to 
fall  into  habits  in  the  matter  of  drug  prescriljing."— .S^-zV/j/i  Medical  Journal. 

SCHRENCK  NOTZINQ.  —  Therapeutic  Sugges- 
tion in  Psychopathia  Sexualis  (Pathological 
Manifestations  of  the  Sexual  Sense) :  With 
Especial  Reference  to  Contrary  Sexual 
Instinct.    By  Dr  von  SCH RENCK-NOTZING 

of  Munich.  Authorised  translation  from  the  German.  Bv  CHARLFS 
GILBERT  CIIADDOCK,  M.D.,  IVofe.ssor  of  Diseases  of  the  Nervous  Sy.stem, 
Marion-Sims  College  of  Medicine  ;  Member  of  the  American  Medico-Psycho- 
logical A.s.sociation,  etc.  etc.  In  one  octavo  volume  of  340  pages.  Clolli,  gilt 
lop.    Price  12s.  net. 

(SOLD  ONLY  TO  PHYSICIANS  AND  LAWYERS.) 

SCHLEIF.— A  Text  Book  of  Materia  Medica, 
Therapeutics.  Prescription  Writing,  Medical 
Latin  and  Medical  Pharmacy.   By  WILLIAM 

SCIILEII'",  I'h.G.,  ^LI).,  Instructor  in  Pharmacy  in  the  University  of 
Penn.sylvania,  I'hiladelphia.  In  one  handsome  i2mo  volume  of  352  pages. 
Cloth,  7s.  6d.  net. 

"  ...  Very  carefully  and  accurately  done,  and  it  is  a  book  that  might 
well  be  used  iiy  students." — lUilisli  Medical  Journal. 

SHOEMAKER  —  A  Practical  Treatise  on 
Diseases  of  the  Skin.     By  JOHN  SHOE- 

MAK1;R.  M.D.,  LL.D.,  Professor  of  Skin  and  Venereal  Diseases  in  the 
Medico-Chirurgical  College  and  Hospital  of  Philadelphia  ;  Physician  to  the 
Philadelphia  Hospital  for  Disea.ses  of  the  Skin  ;  Member  of  the  British  Medical 
Association,  etc.  New  (Fourth)  and  Revised  Edition.  In  one  handsome  octavo 
volume  of  S94  pages.  With  8  Chromo-Lithographs  and  Numerous  Engravings. 
Cloth,  price  21s.  net. 

SHURLY. — A  Treatise  on  the  Diseases  of  the 
Nose  and  Throat.    By  ERNEST  L.  SHURLY, 

M.D.,  Professor  of  Laryngology  and  Clinical  Medicine  in  the  Detroit  College 
of  Medicine  ;  Laryngologist  to  Harper  Hospital,  to  St  Mary's  Hospital,  and 
the  Woman's  Hospital  ;  Consulting  Physician  to  St  Luke's  Hospital,  Detroit. 
Mich.  ;  Fellow  of  the  Aniericnn  Laryngological  Association,  etc.  Octavo. 
With  Numerous  Illu.<;t rations  and  6  Coloured  Plates.  Price,  bound  in  cloth, 
2is.  net,  or  handsome  half-morocco  binding,  25s.  net. 

"  Enn'nenlly  practical  and  free  from  .statistical  and  theoretical  details." — 
Toledo  Medical  and  Siir!;ical  Reporter. 

"...  The  volume  is  well  and  thoroughly  illustrated,  and  the  chapters  on 
Influenza  .  .  .  are  specially  worthy  of  note  .  .  .  may  be  rend  with  advan- 
tage, not  only  by  the  student,  but  also  by  the  specialist. ''—Z);/'(5//«  Journal  of 
Medical  Science. 
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SIMON  — A  Manual  of  Clinical  Diagnosis  by 
Microscopical  and  Chemical  Methods.  For 

Students,  Hospital  Physicians,  and  Practitioners.  By  CHARLES  E. 
SIMON,  M.D.,  late  Assistant  Resident  Physician,  Johns  Hopkins  Plospital, 
Baltimore.  New  (Third)  and  Revised  Edition.  In  one  very  liandsome  octavo 
volume  of  563  pages,  with  138  Engravings  and  18  full-page  Coloured  Plates. 
.  Cloth.    Pi  'ice  1 8s.  net. 

"...  Covering  practically  the  same  ground  as  the  well-known  work  of 
Professor  von  Jaksch,  the  book  contains  in  some  sections  even  more  informa- 
tion than  does  that  volume.  We  have,  after  a  careful  review  of  the  contents 
of  the  book,  no  hesitation  in  commending  it  as  one  of  the  best  and  most  com- 
pendious manuals  for  the  clinical  laboratory  that  has  appeared."— Zawe/. 

"The  volume  is  most  appropriately  illustrated  both  by  coloured  plates  and 
by  woodcuts  in  the  text.  We  heartily  welcome  the  appearance  of  the  work, 
which  we  feel  sure  will  ftnd  a  permanent  place  in  the  working  literature  of  the 
profession,  and  will  adequately  supply  a  well-recognised  deficiency." — British 
Medical Journal. 

SKENE.  —  Electro  Haemostasis    in  Operative 
Surgery.     By  ALEXANDER  J.  C.  SKENE, 

M.D.,  LL.  D.,  Professor  of  Gynecology  in  the  Long  Island  College  Hospital, 
Brooklyn,  New  York,  etc.  ;  in  one  very  handsome  octavo  volume  of  173  pages, 
With  80  Illustrations,    Cloth.    Price  los.  6d.  net. 

".  .  .The  subject  is  one  of  great  interest  to  the  practical  surgeon,  and  the 
book  before  us  will  well  repay  careful  perusal." — Dublin  Journal  of  Medical 
Science. 

STIMSON.— A  Practical  Treatise  on  Fractures 
and  Dislocations.    By  LEWIS  A.  STIMSON, 

B.A.,  M.D. ,  Professor  of  Surgery  in  the  New  York  University,  etc.,  etc. 
New  (Third)  Edition.  Thoroughly  Revised  and  Greatly  Enlarged.  With  336 
Illustrations  and  32  Plates  in  Monotint.  846  pages,  royal  octavo,  Roxburgh 
binding.    Price  25s.  net. 

"On  a  general  survey  of  the  work  before  us  we  are  struck  with  the 
evidences  on  every  page  of  patient  research  and  accurate  observation.  The 
work  of  another  transatlantic  author  has  long  been  the  standard  work  of 
reference  on  fractures  and  dislocations,  namely,  that  of  Dr  Frank  Hamilton, 
and  it  is  no  small  praise  to  say  (as  we  can  honestly  do)  that  not  only  is  Dr 
Stimson's  book  worthy  to  be  placed  alongside  of  Hamilton's,  but  that  it  is 
destined  largely  to  supersede  it,  as  representing  conclusions  based  on  wider 
and  more  recent  work.  .  .  .  The  book  is  clearly  printed  and  handsomely 
bound,  and  in  every  respect  worthily  upholds  the  credit  of  our  transatlantic 
brethren." — Glasgoiv  Medical  Journal. 

"This  edition  unquestionably  represents  the  most  authoritative  teaching, 
and  is  now  probably  the  most  trustworthy  work  on  the  subject  in  the  language." 
— British  Medical  Journal . 

TAYLOR. —A  Practical   Treatise  on  Sexual 
Disorders  in  the  Male  and  Female.  By 

ROBERT  W.  TAYLOR,  A.M.,  ALD.,  Clinical  Professor  of  Venereal 
Diseases,  College  of  Physicians  and  Surgeons,  New  York.  New  (Second) 
and  Revised  Edition.  In  one  octavo  volume  of  433  pages,  with  91  Engravings 
and  13  Coloured  Plates.    Handsomely  bound  in  cloth.    Price  i6s.  net. 

Prompt  appreciation  of  this,  the  ablest,  most  scientific,  and  most  practical 
work  ever  prepared  on  its  important  subject  resulted  in  the  exhaustion  of  the 
first  edition  in  a  year.  The  eminent  author  has  thoroughly  revised  it  for  this 
new  edition,  and  has  enlarged  it  particularly  in  the  section  on  female  sexual 
disorders.  Those  who  own  the  first  edition,  as  well  as  the  large  number  who 
were  unable  to  procure  it  on  account  of  its  early  exhaustion,  will  be  interested 
in  possessing  a  volume  whose  popularity  ensures  finding  the  latest  and  best 
information  within  its  covers. 
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TAYLOR— A  Practical  Treatise  on  Genito 
Urinary  and  Venereal  Diseases  and  Syphilis 

By  ROHKRT  W.  TAYLOR,  A.M.,  M.D.,  Clinical  Professor  of  Venereal 
Diseases  in  the  Colleije  of  Physicians  and  Surgeons,  New  York.  New  (Second) 
Edition,  thoroughly  revised.  In  one  very  handsome  octavo  vohinie  of  720  paces 
with  135  Engravings  and  27  Coloured  Plates.    Roxburgh  binding,  25s  net  ' 

The  eminent  author  has  utilised  the  opportunity  offered  by  the  demand  for 
a  new  edition  of  his  book  to  produce  what  is  practically  a  new  work.  He  has 
at  once  broadened  his  field  by  including  an  entirely  new  department,  namely 
Gknito-Urin,\ry  Diseases,  and  at  the  same  lime  reduced  ihe  size  of  his 
volume  to  most  convenient  limits  by  omitting  discussions  of  many  riuestions 
whicli  the  pievious  edition  settled  definitely  and  finally.  This  new  edition  is 
therefore  more  direct  and  practical  than  ever,  and  in  this  single  volume  alone 
the  student,  practitioner,  or  specialist  will  find  this  entire  range  of  cognate 
subjects  handled  by  an  authority  of  the  highest  standing.  The  rich  series  of 
illustrations  has  been  revised  as  carefully  as  the  text,  and  no  less  than  twenty 
new  full-page  coloured  plates  have  been  added. 

"  We  consider  that  this  new  edition  can  be  confidently  recommended  as 
complete  and  trustworthy." — Lana-t. 

"  The  work  is  one  of  great  merit,  and  deservedly  occupies  the  front  rank  in 
works  of  this  class.  — IVacliliom-r. 

"  In  tliis  volume  we  liave  a  most  readable  exposition  of  the  subject. 
The  practitioner  and  student  need  only  to  read  the  book  to  find  that  the  author 
has  succeeded  in  accomplisiiing  his  ww"— Glasgow  Medical  Journal 

TAYLOR  and     WELLS.  -  Manual  of  the 
Diseases  of  Children.    By  JOHN  MADISON 

•''"''t-'^'*"'-  "f  Diseases  of  Children,  Philadelphia 
lo  yclinic,  Assi.sianl  Physician  lo  the  Children's  Hospital  and  to  the  Ortho- 
pedic Hospital  Neurohigist  t,.  the  Howard  Hospital,  Consulting  Physician  to 
the  El«yn  and  10  the  Vineland  Training  .Schools  for  Feeble-minded  Children, 
etc  ;  and  WILLIAM  \\.  WELLS,  M.l).,  Adjunct  Professor  of  Obstetrics 
and  Diseases  of  Infancy  m  ihe  Philadelphia  Polyclinic,  Instructor  in  Obstetrics 
in  the  Jetlei-son  Medical  College  of  Philadelphia,  Fellow  of  the  College  of 
Ihysicians  <,f  I'hiladelphia,  Member  of  the  Philadelphia  Pcdriatic  Society,  etc. 
etc.  New  (Second)  Edition,  thoroughly  Revised  and  Enlarged.  In  one'hand- 
some  volume  of  866  pages,  with  numerous  Illuslralions.    Price  21s.  net. 

"  We  heartily  congralulalc  the  authors  on  their  work.  Although  containing 
lut  e  that  IS  novel,  it  is  so  well  arranged,  clearly  written,  and  devoid  of 
padding  as  to  form  one  of  the  best  books  for  the  use  of  the  student  and  the 
practitioner.  — Laiicft. 

"...  Can  be  most  confidently  recommended  as  a  most  reliable  text- 
book for  the  student  and  young  practitioner.  A  due  .sense  of  proportion 
prevails  throughout,  and  the  descriptions  are  clear,  accurate,  and  concise.  The 
Illustrations  add  greatly  to  the  value  of  the  volume."—  Glasgow  Medical  Journal. 

THAYER.— Lectures  on  the  Malarial  Fevers. 

liy  WILLIAM  SYDNEY  THAYER,  M.D.,  Associate  Professor  of  Medicine 
in  the  Johns  Hopkins  University.  Small  8vo,  326  pages.  With  19  Charts 
and  3  Lithographic  Plates,  showing  the  Parasite  of  Tertian,  Ouartan,  and 
/bstivo-Autumnal  Fevers.    Cloth,  12s.  net. 

"  It  is  a  good  book,  and  should  be  studied  by  all  British  physicians  whose 
sphere  of  practice  lies,  or  may  lie,  in  malarious  districts.— fournal  of 
Mcdtcal  Science. 

THOMAS  — Abortion  and  its  Treatment .  From 

a  Standpoint  of  Practical  Experience.    By  T.    GAILLARD  THOMAS, 
M.D.,  Emeritus  Professor  of  Obstetrics  and  Gynecology.    Crown  8vo,  5s. 

THOMPSON.  — A    Text-Book    of  Practical 
Medicine.    For  Students  and  Practitioners.  By 
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W.  OILMAN  THOMPSON,  M.D.,  Professor  of  Medicine  in  Cornell 
Universily  Medical  College,  New  York.  In  one  very  handsome  octavo  volume 
of  I0I2  pages,  with  79  Illuslrations.    Cloth.    Price  21s.  net. 

Ihis  completely  new  work  by  one  of  the  foremost  American  physicians  and 
teachers  is  assured  of  wide  acceptance  as  a  text-book  for  students  and  as  a 
guide  for  practitioners.  Professor  Thompson  has  presented  the  entire  range 
ot  practical  medicine,  including  ihe  latest  advances  in  pathology,  diagnosis 
and  therapeutics,  in  a  single  volume  of  convenient  size.  He  has  laid  especial 
stress  upon  treatment  as  the  main  object,  and  his  recommendations  will  be 
lound  sufficiently  full  and  detailed  for  application  in  all  diseases,  their  varying 
stages,  complications,  etc. 

THOMPSON— Practical   Dietetics,  with  Special 

Reference  to  Diet  in  Disease.  By  W.  OILMAN  THOMPSON,  M.  D.,  Professor 
ot  Materia  Medica,  Therapeutics,  and  Clinical  Medicine  in  the  University  of 
the  City  of  New  ^'ork  ;  Visiting  Physician  to  the  Presbyterian  and  Bellevue 
Hospitals,  New  York.    New  Revised  Edition  in  preparation. 

"■We  recommend  it  most  heartily.  It  fills  a  place  in  medicine  more  im- 
portant even  than  therapeutics,  and  one  which  has  been  too  much  neglected." 
—  University  Medical  Magazine. 

"  The  book  will  be  of  great  assistance  to  the  pracliiioner  in  the  dietetic 
treatment  of  diseases  that  are  influenced  by  proper  feeding,  to  the  trained 
nurse  in  hospital  and  private  nursing,  and  as  a  guide  in  the  administration  of 
proper  food  to  infants  and  invalids  in  the  \\omz.'"— College  and  Clinical 
Record.  , 


THORINQTON.— Retinoscopy  (the  Shadow  Test) 

in  the  Determination  of  Refraction  at  One  Meter  Distance  with  the  Plane 
Mirror.  By  JAMES  THORINGTON,  M.D.,  Adjunct  Professor  of  Diseases 
of  the  Eye  in  the  Philadelphia  Polyclinic  ;  Lecturer  on  the  Anatomy,  I'hysi- 
ology,  and  Care  of  the  Eyes  in  the  Philadelphia  Manual  Training  Schools,  etc. 
Third  Edition,  Revised  and  Enlarged.-  With  43  Illustrations,  many  of  which 
fire  Original.    i2mo.    Price  5s.  net. 

"The  information  contained  in  it  is  accurate  .  .  .  that  it  has  already 
proved  itself  of  practical  value  is  shown  by  its  having  reached  a  third  edition." 
— Practilioner. 


TILLMANNS.-  A  Text-Book  of  General  Surgery. 

By  Dr  HERMANN  TILLMANNS,  Professor  in  the  University  of  Leipzig. 
Edited  by  LEWIS  A.  STIMSON,  M.D.,  Professor  of  Surgery  in  the  New 
York  University.    8vo.    Cloth,  21s.  net.  per  vol. 

Vol.  I. — The  Principles  of  Surgery  and  Surgical  Pathology.    General  rules 

governing   Operations  and  the  Applications  of  Dressings. 

Translated  from  the  Eighth  German  Edition   by  JOMN 

ROGERS,  M.D.,  and  BENJAMIN  T.  TILTON,  M.D. 

850  pages.    With  516  Illustrations. 
Vol.  II. — Regional  Surgery.    Translated  from  the  Fourth  German  Edition. 

By  BENJAMIN  T.  TILTON,  M.D.,  New  York.   843  pages. 

With  417  Illustrations. 
Vol.  HI. — Regional  Surger)'.  937  pages.  With  520  Illustrations. 
"The  translators  are  to  be  congratulated  on  their  selection  of  this- work  as 
a  medium  through  which  to  bring  the  current  views  of  German  surgeons 
before  the  English -reading  medical  public.  Written  by  an  acknowledged 
master  of  his  art,  accepted  in  the  country  of  its  production  as  a  standard 
text-book,  it  is  admirably  calculated  to  reflect  the  opinions  and  practice  of  the 
surgeons  of  to-day  in  Germany.  ...  In  reviewing  the  second  volume  we  were 
able  to  express  our  appreciation  of  the  subject-matter  of  the  work,  the  satis- 
factory manner  in  which  the  translators  had  brought  it  before  us,  and  the 
share  which  the  publishers  had  taken  in  making  it  attractive  and  useful.  The 
volume  now  to  hand  equally  merits  our  warm  commendation,  and  we  have 
before  us  the  concluding  instalment  of  one  of  the  best  works  on  modern 
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surgery  availnhle  in  the  English  language."— iVo///f//  Medical  and  Surreal 
Jotinia/. 

"To  thosq  who  can  read  German,  Tillmanns'  'Surgery'  has  long  been  a 
vaUiahle  book  of  reference  ;  and  the  more  so  since  there  is  no  English  text- 
book on  the  subject  which  can  in  any  way  be  compared  with  it.  Indeed, 
since  Holme's  and  Hulke's  '  System  '  was  allowed  to  fall  out  of  date,  there  ha.s 
been  nothing  issued  at  all  comparable  to   this  work.  .  .  .  This  English 

translation  of  Tillmans'  work  will  be  a  real  boon  to  the  profession."  'J'hc 

Practilionei'. 

"The  book  is  thoroughly  well  written,  comprehensive,  and  completely 
up-to-date. " — Laiuct. 

TUTTLE.— Diseases  of  Children.    By  GEORGE 

M.  TUTTLE,  M.D.,  Attending  Physician  to  St  Luke's  Hospital,  Martha 
Parson's  Hospital  for  Children,  and  Hethesda  Foundling  Hospital,  St  Louis, 
Mo.    386  pages.    Illustrated.    Price  7s.  6d.  net. 

".  .  .  .  The  work  is  excellent,  and  we  have  in  this  volume  an  attractive 
addition  to  this  series  of  jjocket  text-books."— .Vrtc  York  Medical  Journal. 

"...  It  cannot  but  prove  acceptable  to  many  students  of  medicine." — 
Glasgow  Medical  Joiintal. 

WHITE  and  HUMPHREY.  —  Pliarmacopedia : 

A  Commentary  on  the  Hritish  Pharmacopoeia.  By  EDMUND  WHITE, 
B.Sc.  (Lond.),  F.I.C.,  Pharmaceutist  to  St  Thomas's  *  Ilospi  ta  1  ;  and  fOHN 
HUMPIIRI'IV.  One  volume  crown  4to.  710  pages.  With  46  full-page  Plates. 
Red  Cloth,  Gilt,  with  Marbled  Edges.  Price  \d,<f..  net.,  or  interleaved  with 
white  paper  for  notes.    Price  17.S.  6d.  net. 

WHITEHEAD.    The  Anatomy  of  the  Brain.  A 

Text-Book  for  Medical  Students.  By  KICILARD  1 L  Wll  ITIOHIC.M),  M. !)., 
Professor  of  Anatomy  in  the  University  of  North  Carolina.  In  one  royal 
octavo  volume  of  102  pages.    With  41  Engravings.    Cloth.    Price  55.  net. 

WHITMAN.-  A  Treatise  on  Orthopasdic  Surgery. 

For  General  I'ractitioners,  Specialists  and  Students.  By  ROY.VL  WHITMAN, 
M.D.,  M.R.C.S.,  Adjunct  Professor  of  Orthopedic  Surgery  in  the  New  York 
Polyclinic,  Instructor  in  Orthop;vdic  Surgery  in  the  College  of  Physicians  and 
Surgeons,  and  Chief  of  Orthop;\;dic  Department  in  Vanderbilt  Clinic,  New  York. 
In  one  very  handsome  octavo  volume  of  642  pages.  With  447  Illustrations, 
mostly  Original.    Cloth.    Price  25s.  net. 

"  This  portly  octavo  of  xii  and  650  pages  is  one  of  the  handsomest  profes- 
sional text-books  with  which  wc  are  acquainted.  The  binding  is  in  the  best 
taste  of  chaste  simplicity  ;  the  paper  is  superb;  the  type  is  artistically  formed 
and  exquisitely  clear  ;  the  illustrations  arc  profusely 'scattered  throughout  the 
text,  are  admirably  adapted  to  its  elucidation,  and  are  executed  with  the  most 
enjoyable  clearness.  Take  it  all  in  all,  we  have  not  seen  the  equal  of  this 
volunie  on  the  special  subject  of  which  its  author  is  so  thorough  a  master  and 
so  brilliant  an  exponent.  Slips  are  very  rare  in  the  very  splendid  volume 
before  us,  which  we  cordially  recommend  to  the  best  attention  of  our  surgical 
readers."— Journal  Medical  Science. 

"  The  author  is  to  be  congratulated  on  the  production  of  such  a  handsome 
and  useful  work  on  the  subject,  and  we  are  sure  that  it  will  be  found  of  use  to 
both  the  general  practitioner  and  the  surgeon." — Glasgow  Medical /uuriial. 
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essential  Scries  oT  Compends 

ARRANGED  IN  QUESTION  AND  ANSWER  FORM 


Essentials  of  Physiology.— By  H.  A.  Hare,  M.D., 

Prof.  Therapeutics  in  Jefferson  Med.  College,  Philadelphia. 
Numerous  Illustrations.  Fourth  Edition,  revised  and  enlarged, 
containing  a  series  of  handsome  Plate  Illustrations  taken  from 
the  celebrated  "  Icomes  Nervorum  Capitis"  of  Arnold.  192 
pages.    Cloth,  4s.  net. 

Essentials    of    Diagnosis. — By    Solomon  Solis 

Cohen,  M.D.,  Prof  of  Clin.  Med.  in  the  Philadelphia  Poly- 
clinic; and  Augustus  A.  Eshner,  M.D  ,  Instructor  in  Clin. 
Med.  in  Jefferson  Med.  Coll.  Second  Edition,  revised  and 
enlarged.  419  pages.  60  Illustrations,  some  of  which  are 
coloured,  and  a  Frontispiece.    6s.  net. 

Essentials  of  Obstetrics. — By  Easterly  Ashton, 

M.D.,  Obstetrician  to  Philadelphia.  Hospital.  75  Illustrations. 
Fourth  Edition,  thoroughly  revised  and  enlarged.  256  pages. 
Cloth,  4s.  net. 

Essentials  of  Gynecology. — By  Edwin  B.  Cragin, 

M.D.,  Gynecologist  to  Roosevelt  Hosp.,  New  York.  200 
pages.  62  fine  Illustrations.  Fourth  Edition,  revised.  Cloth, 
4s.  net. 

Essentials  of  Diseases  of  the  Skin,  including 
the  Syphilodermata. — By  Henry  W.  Stel- 

WAGON,  M.D.,  Ph.D.,  Lect.  on  Dermatology  in  Jefferson  Med. 
Coll.  Fourth  Edition,  revised  and  enlarged,  with  72  Letter- 
press Cuts  and  15  Half-Tone  Illustrations.  276  pages.  Cloth, 
4s.  net. 

Essentials  of  Histology. — By  Louis  Leroy,  M.D., 

Professor  of  Histology  and  Pathology,  Vanderbilt  University, 
Nashville,  Tennessee.  ,255  pages,  with  72  Illustrations.  Cloth, 
4s.  net. 

Essentials  of  Refraction  and  Diseases  of  the 

Eye.— By  Edward  Jackson,  A.M.,  M.D.,  Prof. 
Dis.  of  Eye  in  the  Philadelphia  Polyclinic.  Third  Edition,  re- 
vised and  enlarged.  261  pages,  with  82  Illustrations.  Cloth, 
4s.  net. 

Essentials  of  Diseases  of  the  Nose  and  Throat- 
By  E.  Baldwin  Glkason,  M.D.,  Surg,  to  Nose,  Throat,  and 
Ear  Dept.,  Northern  Dispensary,  Philadelphia.  Third  Edition, 
revised  and  enlarged.  241  pages,  with  112  Illustrations.  Cloth, 
4s.  net. 


KIMFTON'S  ESSENTIAL  SERIES— contmued. 


Essentials  of  Qenito-Urinary  and  Venereal 
Diseases :  A  Manual  for  Students  and 
Practitioners.  —  By    Charles    H.  Ciietwood, 

M.D.,  Visiting  Surgeon,  Denilt  Dispensary,  l^epart.  of  Surgery 
and  Genito-Urinary  Diseases,  New  York.  178  pages.  Illus- 
trated.   Cloth.    Price  4s.  net. 

Essentials  of  Diseases  of  Children.  — By  William 

M.  Powell,  M  D.,  Third  Edition.    222  pages.    Cloth,  4s.  net. 

Essentials   of  Medical  Electricity.— By  D.  D. 

Stkwart,  M.D.,  Chief  of  Neurological  Clinic  in  the  Jefferson 
Med.  Coll. ;  and  E.  S.  Lawuenck,  M.D.  65  Illustrations. 
Cloth,  4s.  net. 

Essentials  of  Practice  of  Medicine— By  Hknrv 

MoRRLS,  M.D.,  late  Demonstrator,  Jeflerson  Med.  Coll.,  Phila- 
delphia. Numerous  Illustrations  and  a  Coloured  Frontispiece. 
New  Revised  Edition  in  preparation. 

Essentials. of  Surgery.— By  Edward  Martin,  A.M., 

M.D.,  Clin.  Prof,  of  Cenito-Urinary  Diseases,  Instructor  in 
Operative  Surgery,  and  Lecturer  on  Minor  Surgery,  Univ.  of 
Pennsylvania.  Illustrated.  Seventh  Edition,  revised  and  en- 
larged.   342  pages.    Cloth,  4s.  net.  , 

Essentials  of  Pathology.— By  F.  J.  Kalteyer,  M.D. 

In  preparation. 

Essentials  of  Forensic  Medicine,  Toxicology,  and 
Hygiene.— By  C.  E.  Akmaxd  Semfle,  B.A.,  M.B. 

I'hysician  to  the  Bioomsbury  Dispen.sary,  etc.    196  pages,  130 
Illustrations.    Cloth,  4s.  6d.  net. 

Essentials  of  Bacteriology.— By  M.  V.  Ball,  M.U., 
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